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Ecological Characteristic and Vegetation Structure of Pinus thunbergii Community in Coastal

Forest of Busan Metropolitan City, Korea
Hae-Seon Shin’, Sang-Cheol Lee’, Song-Hyun Choi*’, Hyun-Mi Kang’
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ABSTRACT

The purpose of this study is to understand the vegetation structure and ecological characteristics of the coastal
forest Pinus thunbergii community in Busan Metropolitan City (BMC) and to establish reference information
for the management of the coastal forest in BMC in the future. We set up 97 plots with an area of 100 m? each
for the analysis and investigation of the vegetation characteristics. The analysis using the TWINSPAN and DCA
techniques found seven community groups: Pinus thunbergii-Quercus aliena community, Pinus thunbergii-
Eurya japonica(l) community, Pinus thunbergii-Eurya japonica(2) community, Pinus thunbergii-Quercus
serrata community, Pinus thunbergii-Camellia japonica(1) community, Pinus thunbergii-Camellia japonica(2)
community, and Pinus thunbergii-Eurya japonica-Camellia japonica community. According to the analysis of

1 H4=20199¢ 69 124, =4 (12} 20199 8¢ 274, AAIEHY 20199 9 6
Received 12 June 2019; Revised (Ist: 27 August 2019); Accepted 6 September 2019
2 FEArstn ok A8k} AA1Y Dept. of Landscape Architecture, Graduate School, Pusan National Univ., Miryang 50463,
Republic of Korea
3 BAgistw 278k} HARS- 919l Dept. of Landscape Architecture, Pusan National Univ., Miryang 50436, Republic of Korea
4 BAstw 278k} w4 Dept. of Landscape Architecture, Pusan National Univ., Miryang 50436, Republic of Korea
Z7sta} 234 Dept. of Landscape Architecture, Mokpo National Univ., Muan 58554, Republic of Korea
a o] = At 7|2 AFALAIAR el Yste] ATFE S
* WAIA|R} Corresponding author: Tel: +82-055-350-5401, Fax: +82-055-350-5409, E-mail: songchoi@pusan.ac.kr



040

o=

AlB[|Al - o]AFA -

B

A5 .
5 <

ZFn e e ete]A] 33(5) 2019

vegetation structure, Pinus thunbergii was a main dominant species at the canopy layer in all sites while Eurya

japonica and Camellia japonica were dominant species at the understory layer. Pinus thunbergii-Quercus serrata

community is predicted in the forest succession because of the competition between Pinus thunbergii and

Quercus serrata in the canopy layer and the understory layer. As such, it is necessary to observe changes by

continually monitoring this community. Tree species with strong salinity tolerance, including Pinus thunbergii,

have formed community groups because of the environmental characteristics of coastal forests, strong with

salinity tolerance species are forming community groups. Therefore, all community groups except for the Pinus

thunbergii-Quercus serrata community will maintain the current vegetation structure unless drastic

environmental changes occur.

KEY WORDS: TWINSPAN, DCA, COASTAL VEGETATION
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Egh vicke}h isoll 91Xt Aeela] HolA|tj2A 555t &
A2} AEAAAR UE AR Rt ToHA o e ook
dolut ARlofrt wom, e olssERA Fast ¥t
o]cK(Kim and Kim, 2015). 8ot 7|24 Alehizsbs] S
oA HHlofA A =& o7t 4 FUA 7S AlssiaL qick
53] FHEAI]] FARFAA= Al o] ditoldol sfiok
A 7108 Qe ARl A4S 7Y defiohd ssficte] wht
= AARZ 7] 1L 0]Fa1 YtiKim and Choi, 2007).

HE(Pinus thunbergiiye $-2lugl W A& O] 3fotilS wh
o B 30 A, S, Wele Aol AR &%
LoflA AgEhE SO tiE ol HES TR B2
AT} B Sl sle] FATORAL] 7|58t ofje}
T X HARA 59 SR 71se 7RI Jlen SAH e
24 7}x]7} At Cheon et al., 2012). 12 &3} o]
SiohS FAdshe 5 7 Aok 2eiEet Assto] gt
7] wlZoll AlEAE]ehA oz vl Fofet Aol o] Qlrt
(Korea Forest Service, 2004). L Z&3)0de Helle 9
Qke] FApEAIOl R Qldte] F455] FeEla Gk 53]
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Forest Research Institute, 2013).
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Figure 1. Map of the

survey sites in the Busan Metropolitan City.
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2202 2918 Uiro] SUFIMR tlZ2AE Al
(Park, 1985). g5 oIF = 52 1ES, 411 2m ©]
A 5% olsh 458 ofilSE, 43 2molst 0.5mol4)
TS BEZoR RSN HEH10mx 10m)Y] E3gH
@253} ohmsgol el §uAAL SAsleick BEFe
W@te] 7Pk 295l 7] SmxSme| A 174
£ AXste], 2 Uloll 28T 450 S CdAxTR)
= AL ZF 2AR]9] 2 acle R silial= GPS ]
(Montana 650)& E3dlo] =439, ZAA|(Suunto
Clinometer)E ©|-§5to] HAEE 74513

2) AlEFETE ZAL
ARIZAL AR S Edj® FAREA] siokE ] webd S
sotelsich 2+ 459) A Al vlEsh] Sistel Curtis
and Mclntosh(1951)9] %8 *|(Importance Value; LV.)E &
gote] wiRgs el A4 x|(Brower and Zar, 1977)&
=g BASI9ICh A& X](Importace Percentage;
LP)= (= dtiom)22 ALtstal e, 714 1 =27

i

18, SR 7ISAE Holsh (WE5 LP.x3+olus
= LP.x2+3232 1LP.x1)/62] A2 AMg-31o] BtATS-HA]
(Mean Importance Percentage; M.IP.)E 5}t Park,
1985). TWINSPAN©| &J3}t 22X (classification analysis)
(Hll, 197962 53] 7749] AjRRetos Tgalsto] 4T
25 Telstglom, DCAC| €Jgt ordination(Hill, 1979a)+-4]
& B9 wete) HEERS ulelsiolr), BiE et 7 Sl
Aoty el BT w2 IF FAREAI4x(Serensen, 1948)
dalgic) BRE R £ dekt JEg vt
9] Zr}oF = Shannon®] 4~4](Pielou, 19752 o]-&
Zr}ok(Species Diversity, H' ), 74 (Evenness, 1),
%1%=(Dominance, D)& AL, TLIHA(100m)T &
W IS BRIl BR 2 $S FHOR 3§
A BAE B ARl Qe Fsieltt

(Harcombe and Marks, 1978).
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1. ZEER ¥ RAEX 24

ZA| 977 ZAF ti8] Classification4] % TWINSPAN
7S #-g3to] A FE(indicator species)S FAo= et
< EFolgIt(Figure 2). wehiRe 7 AN E@sh=

0Os(-) \ Gj, Si(+)
Level 1 Division 1
Hr () Ej, Os(+) N/O Ta(t)
Level 2 Division 2 Division 3
N/O Rt(+) Ej(-) Sj, Ct(+) Lj(-) Si(+)
Level 3 Division 4 Division 5 Division 6
I 1I 111 v \% VI VII
68, 69, 71, 72, 14, 16, 18, 52, 1, 2, 3, 4, 5, 6, 19, 28, 29, 30, 61, 66, 67, 97 55, 56, 57, 58, 20, 54, 60
Site No. /4 75,76,77, 73, 81, 82, 84, 7,8, 9,10, 11, 31,32, 33, 34, 59, 62, 63, 64,
© 83, 87, 88, 89, 86, 92, 93, 94, 12, 13, 15, 17, 35, 36, 37, 38, 65
90 95, 96 21, 22, 23, 24, 39, 40, 41, 42,
25, 26, 27, 47, 43, 44, 45, 46,
53, 70, 85, 91 48, 49, 50, 51,
78, 79, 80

Figure 2. The dendrogram of classification by TWINSPAN (Cj: Camellia japonica, Ct: Carpinus tschonoskii, Eu: Eurya
Jjaponica, Hr: Hedera rhombea, Lj: Ligustrum japonicum. Qs: Quercus serrata, Rt: Rhus trichocarpa, Si:
Stephanandra incisa, Sj: Styrax japonicus, Ta: Trachelospermum asiaticum, N/O: Non observation).
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TEE 5 WERUS IRH o= Higsk= A7Fol| &8 o]

2ojZtHLee et al., 1994).

Division 12 SR} HpUH ), SHUHH7E =
Aok 1E0E FE|E itk Division 2004 357}
ZEsHs 2BE SO FIHRH), AR
AFFOR Zh= 702, Division 304 =pLHH(+), 59
R BB RS BAEHS EE R0l Tt 2
Fo] Eejuelet. Division 4= HLUR(), ARAdats
(+), Division 51 ARAHTUE()0} ML), jZis
(+), Division 6% BUHA(-)2} S b, ARellaibs(+)
of oJsff - SAck

TWINSPAN7|Ho|| ol H55= 77)2] +-=+2 Ordinationt:
A 5 DCA 7IHE B3l 153 255 7Ikeo= 2ANE viRfgt
T 2] BAEEAYS 2SIt (Figure 3). OrdinationdA] 2]
FEXS 5w Qokslo|l o] F3p0] $JRjof ZAsIo] WA
wo] Qliz Q2 e F]Helr] o] S 2 ZAlie)
Aol et AAold & fAME 22l & 4= QUSIEHOrloci,
1978; Ludwig and Reynolds, 1988; Kang et al., 2019).
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Pinus thunbergii-Eurya japornica
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= // AR L8 578
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(14, T, IL:@, IV: A, Vo, VI:sg, VL)
*1: Pinus thunbergii-Quercus aliena community,
Il: Pinus thunbergii-Eurya japonica(2) community,
V: Pinus
VII: Pinus

DCAEA A} A|123) 259] eigenvalueZ} 22} 0.36, 0.188
2 471= AA| 3 0.7529] 72.8%0] dltgElo] total varianceo]]
diet U580l e How e

2 QR F RS ARoke o 2= 1, 1,
I, ok 22 v, VIo] 27t Wilsle] BaEsks A4S non
220 S TUEL Ajolo] T BES Aow et
ok Al 1500k 553 zlsteo] Aotk Alalufubret it
o] SRt wet fejE AR wetEw & aE AR
ol e Tl AoR TE: A 2504 o
7 ujgo] F318kA] ket 77N et Tt Aol WEkekA] ok
o= 97719 2ARIZL B FEEto R AFSolA] HE0]
PAIStaL 515:] A Afolof] ofiA wete] wiroilol wet
ARk oz Feto] A& BlSgt S a0lks 77| e s
FE3A) o]e} e FAAY AR ik eEeteke
7k fAMdol(Table 1) & A% HEE 31l Qe o=
LHEpgt webs] TWINSPANEA Y DCARA 23S v
oz #2112 F5- 23, 29 T+ 54y

— u=

—
72
— 68
"~ 87
Y — B8
T W76 - Vo~ 74
= —— .~
"~ 128 b
o ) 11@ ™ |
m 86 . +* Pinus thunbergii-Camellia japonica

250

II: Pinus thunbergii-Eurya japonica(1) community,
IV: Pinus thunbergii-Quercus serrata community,

thunbergii-Camellia japonica(1) community, VI: Pinus thunbergii-Camellia japonica(2) community,
thunbergii-Eurya japonica-Camellia japonica community

Figure 3. The result of DCA(Detrended Correspondence Analysis) ordination of 97 plots.
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TEEPNELY, T2 VE BEBN(DZE, 2E T [ B Be A )2t

E BEFAITQZY B W AP o bR REFal B cmu s Al
Gragos 377 aeom fUSE adh 19 2e o ZRME AR Gaeb] e £ wet g SapEs
W, 2k Veh 2RIS I S0l Washd Gkt b AuE UehRelch 2o Ve e Vi b v

Bl TN e 18] F 2 Aole ol] ofel] AR fARRARE UERHSICE ofs wEh Vob ek VoA B4
S %ﬂﬁo} QCHTable 1). YejA o2 F F7h ulszds AlQJslar 22k o]l Qs H4F0] A= AJoldt Aol
5 AR #A Uedti(Cox, 1976). %*PEXVE‘ A
T 72 7 AR B 0% oJOR il %8 ol o CHALX] THEH
Q. 2V o} FEL 71 84.56%2] 7P £ fAkET)

Uepdth o2 Vi 2 ()2e)h o8 s 255 Classification £-4 % TWINSPANE’_} Ordination £4] %
HLRH2)TRO R - B WS ofulEgol A gﬁﬂ DCAE #gsto] 2 Aol & 7709 dekos E5ail
She o] BT} BUURE 7] o] famAgTt e Oh #5570 w2eke] APUNRS AR H(Table 2), e}
ACR UERTE AR = AR =2 g T = [ & F& Aoz 13719 ZARLE 71X glon

Table 1 . Similarity index among seven communities classified by TWINSPAN (unit: %)
Community I I I v v VI
I 56.71
I 51.20 74.99
v 4421 61.01 65.97
v 53.49 49.00 50.02 40.58
VI 51.04 52.06 54.16 46.16 84.56
VI 50.84 63.95 64.52 54.95 69.83 74.14

*Community: 1: Pinus thunbergii-Quercus aliena community, I : Pinus thunbergii-Eurya japonica(l) community, II: Pinus
thunbergii-Eurya japonica(2) community, IV: Pinus thunbergii-Quercus serrata community, V: Pinus thunbergii-Camellia japonica(1)
community, VI: Pinus thunbergii-Camellia japonica(2) community, VI: Pinus thunbergii-Eurya japonica-Camellia japonica community

Table 2. General description of the physical and vegetation of the seven communities

Community* I I I v A% VI VII
Site No. 13 14 27 27 4 9 3
Altitude(m) 40~153 19240  14~165  60~310  35~70 30~42 34-35
Slope( ©) 5-48 10~44 224 826 16~20 16~22 20~22
Number of species 11.5(6~18)" 13.2(7~20) 12.2(5~20) 14.6(7~21) 6.5(5~8) 9.8(8~13)  7.7(7~8)
Height(m) 8~20 13~15 12~22 12~20 14~23 22-23 17~23
Canopy . Mean DBH(em) 27.8 285 252 30.6 35.8 378 25.4
(Minimum~Maximum  (15.3~60) (21.9~42.4) (38.1~16.2) (18.1~50) (27.5~50.7) (21.5~57) (15.1~31)
Coverage(%) 24.5~85 50~80 60~90 60~90 50~60 50~70 60
Height(m) 47 3.2~13 3.2~10 7~10 57 7~8 5-8
Understory  Mean DBH(cm) (3.75417 1.8) (4};917) (2.354120.6) (4.3;316) (7.68;79.2) (7.3%190.3) (6.975;5)
Coverage(%) 10~90 20~95 20~90 30~80 85~95 85~100 85
Shrub Coverage(%) 20~100 10~70 10~90 10~70 10~20 10~70 20~30

* Community: The name of communities are referred to footnote of Table 1.
** Mean value (Minimum value ~ Maximum value)
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* Seven community groups (I
referred to footnote of Figure

Figure 4. Locality distribution of 97 plots in the Busan Metropolitan City.

:gy, o, I @, IV:A,V ), VI :%, VI :<»), The name of communities are



046

o

2
i)
U

A5 .
5 <

ZFn e e ete]A] 33(5) 2019

Table 3 . Importance percentage of major woody species by the stratum in each community in the Busan Metropolitan City

Communi . Layer ! U S M . Layer ! U S M
ty* Species Species
Pinus thunbergii 98.0 0.6 - 49.2||Ficus erecta var. sieboldii - 12 93 19
Quercus aliena - 384 0.8 129|Mallotus japonicus - 32 49 19
I Pittosporum tobira - 239 22 83| Morus bombycis - 04 97 17
(13 plots) | Carpinus turczaninowii - 139 0.4 4.7\ Hedera rhombea - 0.0 7.9 1.3
Quercus dentata 2.0 58 1.4  3.1|Rubus trifidus - 00 73 12
Pueraria lobata - 0.0 173 29| Others - 12,6 389 10.7
Pinus thunbergii 90.2 1.1 0.0 45.5|Rhus trichocarpa - 68 65 34
Eurya japonica - 44.8 53 15.8| Celtis sinensis 1.6 43 01 22
I Hedera rhombea - 0.0 526 8.8|Ficus erecta - 44 42 22
(14 plots) | Quercus serrata 58 57 0.6 49| Morus bombycis - 07 62 13
Sorbus alnifolia - 11.2 0.7  3.8||Quercus acutissima - 29 00 1.0
Prunus sargentii 24 7.1 02  3.6||Others - 1.1 235 76
Pinus thunbergii 89.6 24 - 45.6||Rhus sylvestris - 53 15 20
Eurya japonica - 56.2 17.1 21.6|| Quercus variabilis 0.7 24 02 12
I Quercus serrata 75 9.6 6.5 8.1|Smilax china - - 71 1.2
(27 plots) | Ligustrum japonicum - 53 50 2.6|Rhododendron mucronulatum - - 60 1.0
Prunus sargentii - 74 04 25| Styrax japonicus - 23 1.1 1.0
Ardisia japonica - - 13,5  2.3|Others 21 92 417 112
Pinus thunbergii 73.1 35 - 37.7||Styrax japonicus - 140 23 51
Quercus serrata 9.3 11.1 1.1 8.6 || Prunus sargentii 14 53 05 26
v Sorbus alnifolia 2.1 201 0.8 79| Ardisia japonica - - 119 20
(27 plots) | Trachelospermum asiaticum - - 43.6  7.3| Platycarya strobilacea 22 1.7 0.1 1.7
Eurya japonica - 19.1 3.6 7.0|Quercus variabilis 24 07 02 15
Carpinus tschonoskii 69 55 - 5.3||Others 2.7 18.8 359 137
Pinus thunbergii 100.0 - - 50.0||Fatsia japonica - - 28 05
Camellia japonica - 100.0 39.8 40.0|Eurya japonica - - 24 04
A% Ligustrum japonicum - - 234 39| Symplocos tanakana - - 1.7 03
(4 plots) | Hedera rhombea - - 117 2.0\ Paederia scandens - - 1.2 0.2
Pueraria lobata - - 8.5 14| Celtis choseniana - - 08 0.1
Smilax china - - 49  0.8|Others - - 28 05
Pinus thunbergii 100.0 - - 50.0||Pueraria lobata - - 29 05
Camellia japonica - 90.26 5.18 30.95| Diospyros kaki - 07 - 02
\YI Stephanandra incisa - - 46.6 7.8| Robinia pseudoacacia - 05 02 02
(9 plots) | Eurya japonica - 8.6 158  5.5|Symplocos tanakana - - L1 02
Trachelospermum asiaticum - - 6.2  1.0|Machilus thunbergii - - 08 0.1
Fatsia japonica - - 52 0.9]|Others - - 6.1 1.1
Pinus thunbergii 972 53 - 50.4| Fatsia japonica - - 185 31
Eurya japonica - 409 6.1 14.7||Sorbus alnifolia 28 4.0 - 27
VII Camellia japonica - 372 11.8 14.3|Stephanandra incisa - - 23 04
(3 plots) | Trachelospermum asiaticum - - 332 5.5 Hedera rhombea - - 23 0.4
Ligustrum japonicum - 0.8 244 43| Pueraria lobata - - 1.5 03
Camellia sasanqua - 118 - 39| - - - - -

! C: Importance percentage in canopy layer, U:

M: Mean importance percentage

* Community: The name of communities are

referred to footnote of Table 1.

Importance percentage in understory layer, S: Importance percentage in shrub layer,
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w2 12 55 AT PR wESME HEIP.
98.0%)°] 7Fg AL ofuEZoMs AL
38.4%), EUYLP. 23.9%), 2AREHLP. 13.9%), EZLEL
(LP. 5.8%) 5o] S THJolA= F(LP. 17.3%)0]
s o 1+ wE-ARdu (Do wag
oAl TLHLP. 90.2%)0] S8l ofEZo A AAT
TLHHLP. 44.8%)7F 71 94810, WESoM= SoF
(LP. 52.6%)°] 7P $-5dslict. w2t M2 H&- Ak wiut
F2)Feto g mEZoAs FH(1P. 89.6%)0] -3l QL
on ofuEZIt IEF A= AU 212 56.2%%)

o FakgeiAl sliokde] et AJef# 54(Kim and Choi
2007)0fA1 EfEH Aol wEtete] SR SRt
IV} S B ddie-dAlE wasigle o oF 1219 Zof
= ST AR UR7} ofaEgef A pdatelont @
At ST wE TheoR $dohs Aols deRltt o]
22 ERhe) Alglo] A ow s SR} 2kt
BARAR ke vEhdic. Wk e e o SR
o Aol AEH o S7h & AoR it 1 Vet
W VI ofirsgol SRS Alefet the 5] A<
ZHeHA] P AoE wol T AW GAs| 9J3t

17.1%2 A H2E Uepith 22 Ve 35S0 <
2o g WEZoAE FL(LP. 73.1%)0] 7P¢ 9slar o}
B2ul pEzo 7bzk gHuENLP. 20.1%)9} uRAFE(LP.
43.6%)0] STt 2= Ve FE-S ()T Ee R
WHF OhuES-2 &I FHUTTE 100%2] AH-9-3A]
S 7P HES GA] FHLHLP. 39.8%)7F A5}k
T2 VT FE-5 2o R WES2 HE0] 100%2
SABRAL ofuESE ST 90.26% 2] 52 AT
S BRI B2 =eLEH(ILP. 46.6%) 71 7P 9451

U9l |7} o]FofA AL IS ViEhdch

“Solitt Aot st Hb=tete] Aot vlwsihe
o FaR: o] LAk UK WEZ ofEZolA] At
T, ORI, SRR Fol skl 9lglem(Cheon et
al., 2012), A8t FHEHE AU, O7MAILRE, SRR ofal
HZolx] SHSIITHKIm ef al., 2016). TEbA BioF2] A1AY
TFEE WEFA FEo] $sks FExol YARE ofuES

3} ZolA] Aelo] wet o7} Glrks AMIE SRIsieth

OF w2 VI SE-ARNE U SR RS2 55 4 B4 U JiH| 4, SOIE 2

(LP. 97.2%)0] 71 $-H8}a ofmEZ2 ApAd T UY(LLP.

40.9%)2} ZMUELLP. 37.2%)7} ¥]281] 9-Astoic). o= 770 o] @HA(100m)d Bt S WAl © T

22 mpAZ(LP. 33.2%)0] 71 S-AsHck A= SR AAISISITKTable 4). to] 2ANTF A4
oA} BAL Ffjot o] HLadl I areko] AXSLRE RAJSH H o] A EFE AN Bghe ARSIk

AT TheT) Dok T R BT REZoN mdo] we  F9M Bt ¥ B4 BAAT RE3 15120.86%, ol

FHAE LR of= Wid/del ARt w&ol siRkHelA A
e Aol wh wE0] BRI 9 S Ao R Q) ook
3 pFo] W ARE o] U9loR Tk ofuEgo]
A FEUReE AU S8 SHTOR SR A0
Hol Z&a} Hglelo] =0 4220 Ao AlRELE 1A At

B> 3054]1.97F, W= 8.8243.242 07 AAForE %
AT 123123 81%0] Eastgict. wehd 38 Fos 7
Vol S Rgeeld ke Zefel vl e B4t
Ut ol SR mESe] B4 theoz Sk
we} olmB g} HEZelN SHUReL stle] & Aol

Table 4. Descriptive analysis of the number of species and individuals in each communities (Unit: 100m?)

Comm-unity’ No. of Species No. of Individual
Tree Understory Shrub Total Tree Understory Shrub Total
Mean 1.51£0.86  3.95£1.97 8.82+3.24 12.31+3.81 | 5.90+3.14 15.0249.36 217.90+723.82 238.81+£722.97
| 1.08+£0.28  3.46+2.33  8.23+£2.65 11.46+3.50 | 6.62+3.18 10.69+10.82 129.23+40.94 146.54+41.59
II 1.36+0.74  3.79+1.63 10.57+4.20 13.21+4.44 = 6.79£2.75 12.14+£7.25 729.43+1861.46 748.36+1859.55
m 1.41+£0.84  4.33+1.78  8.78+2.83 12.19+3.19 . 7.44+3.66 21.59+10.91 117.63+83.81 146.67+88.12
1\Y 2.15+0.99 5.19+1.42 9.41+3.33  14.59+3.20 | 4.89+2.01 10.59+4.60 137.33+148.16 152.81+147.98
\Y 1.00 1.00 5.25+0.96  6.50+1.29 | 3.00+1.41 18.00+3.56 157.00+194.58 178.00+196.70
VI 1.00 1.67£0.71  8.11£2.32  9.78+£2.05 | 2.78+1.48 15.56+5.59  166.22+82.25 184.56+77.75
VII 1.33+0.58 3.00 5.33£1.15  7.67£0.58 | 7.00£2.65 22.33+8.39  80.00£13.86 109.33+24.85

* Community: The name of communities are referred to footnote of Table 1.
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Lol Ut 5 chel 250] 3 AutE Als
e ViE FE-FUUR()Teto R thE et g 54
7b S Ukl ol 2 YoM mESe 4E, oluESse
AR} $U5 39 pEoR 2AE Agold.

S B 3 WA o= BT 85 5.90+3.14714,
OFILE215.0249.367]7], THEZ 217.90+723.82 744 5 HF
238.81+722.9770A17F E@sI%ic) B3], w2 19 4% B
o] Bt WAl A o= wWo| BT Q=] o T
Zof ulET} $ote] AGE whgdsie] Ut Axfolct

7709] w2e] Shannon®] FrRFEAH), FAI=J),
SHE(D), HHETFEAGH max)F FA]51CK Table 5).
ZF FePd F OoFe A4 TEA((100m)S 715202 Ak
stglom, T AL AAE ko] A9 2 AN
FOFE 250 Fatghs ARSI £ oFeAleE v

[ o] 1.43469] X5 Hoj 71 =7 YRk

7} ER20) Al BEEAEE oujsls gAlEs 1 gho]
1o 7k 9 AAISE Fde AElE e, o
212 FAE 0.8488%2 ¢HFFE AAIGRES VER AL Qlck
HhE, 2T 2] 79 0.28229] HAIEE UER[H HYsHA]
Tt Al RS Yepal o), o) BESOAM B
WAG=2] upatET) froto] EFHE|o] AL FUsHA] Eot
Avta ApEEh

9] SHAHES VERlE SHEE= 11 o] 09014 wi=
ok Fo] 7oAl $HdstaL, 0.3~0.791 4% gk Fo] oFsiAl ¢4
AU Fo] Lo} 9331l 0.1~0.304= the] Fa
Zo] o] &A%} =0 Atk Whittaker, 1965). Z2HT 7}
071782 =2 $HES B, 7219 3¢ H&3 AL
oot el $-Hste] yebd data shohEch

Table 5. Various species diversity indices(H’ ), evenness(J’ ), dominance(D) in each communities

2Ql o Aol PFE FAHY o= Slri(Harcombe
and Marks, 1978). £ & Lojx= Z7HAFRIRFLZRAF SR 2
ARRIZIA O] W8-S Fatste] FaLA7 6emu|Rte] 55 A
£ 6~18cmE A7 E, 18~30cmE 745, 30cmoAS T4
Eo8 T

T R B B SHEOR AgolA] YA T
w3sEglon 53] DBH 12~27cm Apolojja] 714 o]
SRR

T 1S BT PO BB olft 2ARY
T SR, B=UT 42 2370 A, 14714, 55784171 DBH
2~32cm Afoloja] AR QITE A= 2]4= 17114, DBH
S2em o44e] A% IAAE et 22 1 olMje) 2t
WA= 2700 9E T 17iAl= Qlste] & thao® &3
AR A U2 Ae® T

P I BaAAE() FRom $ekn gl
T off gl AU} 7970412 DBH 2~17cm
Afolof| EAZEIGIL FHLRTF 2ot umoll A 14704, &
oAl 1A S5kl

P2 e FEAAAUR) Feho F4o] DBH
7-47em OlSjollA SHIAL, FAFOR T B 55
ARzl 348704]7F DBH 2~17cm Afolof &3za}gith
71 9] Baezom ZXh IR 707047} DBH 2~42cm Alo]ojlA]
351813 53] DBH 2~Tem Alolof|A] 36714171 A5 o=
wasile).

T Ve BESUUR Peem ARAMe HEol
DBH 7~52cm ofsloflA] Za15 #3zsiqlet. F5<1 S3h
5 DBH 2-47em oJ3leld 35117} ek ApolLt,
== DBH 2~27cm Afelolla] 282+ 23744, 67)A417F 1t
Y

Feh Ve EEUL() PROR SO S B4
& Aot ol UERA] 99kl - thulioll A 127)
Al5=7F DBH 17~52cm o|stojlx] SHsIGIH:. Frgo= &
SLF 7274317k DBH 2~27cm AtolellA] Lhebsget

=
T

=]
BLE

(Unit: 100p2)

Community” H'(Shannon) J'(evenness) D(dominance) H'max
I 1.4346 0.8488 0.1512 1.6902

II 0.4865 0.2822 0.7178 1.7243

I 1.3702 0.6994 0.3006 1.9590

v 1.2583 0.6843 0.3157 1.8388

\Y% 0.5506 0.4573 0.5427 1.2041

VI 0.8255 0.5834 0.4166 1.4150

viI 0.8475 0.8138 0.1862 1.0414

*Community: The name of communities are referred to footnote of Table 1.
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Table 6. The DBH distribution of major woody species in surveyed areas
Commnity” [(Jrgzl)t Species Shrub D;* D,° D D D D D Dg" Dy Dy Dii* Dio
Pinus thunbergii - - - 1 14 19 26 7 6 3 1 -
Carpinus turczaninowii 4 - 6 5 1 1 - - - - -
I 1,300 Quercus dentata 40 - 6 2 2 1 - - - - - -
Pittosporum tobira 68 - 28 22 4 - - - - - - -
Quercus aliena 20 - 4 - - - - - - - - - 1
Pinus thunbergii - - - - 7 24 17 12 15 8 4 1 -
Sorbus alnifolia 16 - 7 4 3 1 - - - - - - -
I 1,400
Eurya japonica 152 - 62 25 2 - - - - - - - -
Rhus trichocarpa 256 - 18 - - - - - - - - - -
Pinus thunbergii - - - 10 30 34 46 35 16 9 4 - -
Quercus serrata 196 - 36 14 6 6 4 2 1 1 - - -
I 2700 Eurya japonica 400 1 241 95 12 - - - - - - - -
Sorbus alnifolia 20 - 3 2 - - - - - - - -
Alnus firma - - - 3 - - - - - - - -
Quercus aliena 16 - 1 - 1 - - - - - - - -
Pinus thunbergii - - - 3 6 12 27 11 15 5 5 8 4
Quercus serrata 72 - 3 8 4 9 7 1 2 - 1 - -
Carpinus tschonoskii - - 5 5 6 3 3 1 - - 2 - -
v 2,700 Quercus variabilis 12 - 2 1 0 1 2 1 - - - - -
Styrax japonicus 36 - 4 15 11 3 - - - - - - -
Platycarya strobilacea 4 - 1 1 2 - - - - 1 - -
Eurya japonica 120 - 56 13 7 - - - - - - - -
v 400 Pinus thunbergii - - - - - 2 1 1 4 2 - 1 1
Camellia japonica 416 - 19 43 6 3 1 - - - - - -
Pinus thunbergii - - - - - 3 2 6 2 5 3 2 2
VI 900 Camellia japonica 116 - 38 71 19 1 - - - - - - -
Eurya japonica 244 - - 4 5 - - - - - - - -
Pinus thunbergii - - 1 4 3 2 4 3 2 - - -
VI 300 Camellia japonica 36 - 11 12 2 - - - - - - - -
Eurya japonica 8 - 9 14 3 - - - - - - - -
Camellia sasanqua - - 2 4 1 - - - - - - - -

= D<2(em), % 2<D,<T, ¢ T<D3<12, 4 12<Dy<17, & 17<Ds<22, & 22 <D¢<27, & 27<D;<32, M 32<Dg<37, : 37<Dy<42, I: 42<

D1<47, % 47<D <52, ' 52>Dy,

*Community: The name of communities are referred to footnote of Table 1.
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