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Vegetation Structure of the Bulguksa Buddhist Temple Forest in the Gyeongju National Park™®
Hyun-Mi Kangz, Song-Hyun Choi’, Soo-Dong Lee’, Hyun-Seo Cho’, Ji-Suk Kim®
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ABSTRACT

The purpose of this study was to investigate the vegetation structure of Bulguksa around Buddhist Temple
Forest in the Gyeongju National Park. To do so, forty-two plots(100m’) were set up and surveyed. The surveyed
plots were divided into four groups according to the analysis of classification by TWINSPAN; ( I ) Pinus
densiflora-Pinus koraiensis community, (II) Pinus densiflora community, (IIl) Pinus densiflora-Acer
palmatum community, (IV) Acer palmatum-Pinus densiflora community. The results of vegetation structure
analysis were; Bulguksa around Buddhist Temple Forest in the Gyeongju National Park were dominated by
Pinus densiflora. IV community, influx of Acer palmatum in Pinus densiflora community, Acer
palmatum-Pinus densiflora community are believed to be a change to the community. But, recent
spontaneously is growing Quercus variabilis, Quercus aliena, Quercus serrata, Quercus mongolica in
understory and shrub layer. Later, it is expected that Pinus densiflora competition. The forest vegetation age
of the study area is Pinus densiflora were dominant trees in forest was 30~100 years, old while that of Acer
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palmatum was 30~36 years old.

KEY WORDS: TWINSPAN, FOREST AGE, Acer palmatum, Pinus densiflora
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Figure 1. Map of the surveyed plots in Gyeongju National Park
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Table 1. General description of the physical features and vegetation of the surveyed plots

Plot number 1 2 3 4 5 6 7 8 9
Altitude(m) 240 240 240 240 248 248 257 257 268
Aspect N20W  N20W  N20W  N20W  N25W  N25W  N4O0W  N40W N25E
Slope( °) 27 27 27 27 27 27 21 21 20
Number of species 9 15 9 7 14 10 9 16 7

Height(m) 22 22 22 22 22 22 20 20 18
Canopy Mean DBH(cm) 58.3 51.8 50.4 42.5 56.4 47.5 51.2 61.8 26.7

Cover(%) 70 70 70 70 70 70 70 70 70

Height(m) 8 8 8 8 9 9 10 10 4
Understory Mean DBH(cm) 5.8 7.6 53 5.8 11.0 8.9 7.5 7.6 5.0

Cover(%) 40 40 40 40 30 30 40 40 50
Shrub Height(m) <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

Cover(%) 15 15 15 15 10 10 5 5 70
(Table 1. Continued)

Plot number 10 11 12 13 14 15 16 17 18
Altitude(m) 268 268 268 276 276 286 286 289 289
Aspect N25E N25E N25E S60W S60W S60W S60W S60W S60W
Slope( °) 20 20 20 5 5 3 3 12 12
Number of species 8 10 9 9 16 8 9 12 12

Height(m) 18 18 18 20 20 13 13 20 20
Canopy Mean DBH(cm) 29.7 314 27.8 28.5 30.9 17.8 20.8 26.9 34.0

Cover(%) 70 70 70 80 80 80 80 80 80

Height(m) 4 4 4 3 3 3 3 5 5
Understory Mean DBH(cm) 3.7 3.5 4.4 6.5 4.1 1.7 4.0 2.7 8.6

Cover(%) 50 50 50 80 80 5 5 5 5
Shrub Height(m) <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0

Cover(%) 70 70 70 10 10 70 70 70 70
(Table 1. Continued)

Plot number 19 20 21 22 23 24 25 26
Altitude(m) 289 289 263 263 263 263 270 270
Aspect S60W S60W S55W S55W S55W S55W S65W S65W
Slope( °) 12 12 14 14 14 14 6 6
Number of species 18 8 9 5 13 7 12 6

Height(m) 20 20 20 20 20 20 20 20
Canopy Mean DBH(cm) 27.7 22.5 21.0 22.0 31.8 - 44.0 23.5
Cover(%) 80 80 30 30 30 30 50 50
Height(m) 5 5 13 13 13 13 14 14
Understory Mean DBH(cm) 4.9 2.2 10.4 6.9 13.7 16.8 11.4 9.9
Cover(%) 5 5 70 70 70 70 50 50
Shrub Height(m) <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Cover(%) 70 70 10 10 10 10 5 5
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(Table 1. Continued)

Plot number 27 28 29 30 31 32 33 34
Altitude(m) 270 270 282 282 282 282 294 294
Aspect S65W S65W S65W S65W S65W S65W NSOW N8OW
Slope( °) 6 6 13 13 13 13 5 5
Number of species 10 10 11 13 12 13 4 4

Height(m) 20 20 23 23 23 23 13 13
Canopy Mean DBH(cm) 32.1 39.8 31.2 37.8 353 31.9 19.0 15.4

Cover(%) 50 50 70 70 70 70 80 80

Height(m) 14 14 6 6 6 6 6 6
Understory Mean DBH(cm) 13.2 8.6 4.6 4.6 6.9 4.7 10.2 3.1

Cover(%) 50 50 60 60 60 60 10 10
Shrub Height(m) <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <0.5 <0.5

Cover(%) 5 5 30 30 30 30 5 5
(Table 1. Continued)

Plot number 35 36 37 38 39 40 41 42
Altitude(m) 294 294 307 307 307 307 338 338
Aspect N8OW N8OW S55W S55W S55W S55W S55W S55W
Slope( °) 5 5 9 9 9 9 15 15
Number of species 6 4 13 12 18 11 14 21

Height(m) 13 13 18 18 18 18 22 22
Canopy Mean DBH(cm) 17.3 15.2 27.8 39.5 18.3 17.3 39.0 41.7
Cover(%) 80 80 80 80 80 80 40 40
Height(m) 6 6 7 7 7 7 10 10
Understory Mean DBH(cm) 7.8 10.3 3.9 6.0 8.5 53 14.7 7.9
Cover(%) 10 10 40 40 40 40 60 60
Shrub Height(m) <0.5 <0.5 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
Cover(%) 5 5 40 40 40 40 40 40
FuA7 S A, W8S 28.60m, ollEZ 7.00m= WEZ 30~80%, OFlET 5~80%, AT 5~70%= I
A 3 o feel A7 FuAde wRadd  Ag
31.2em=E AL ST %% A ] Bt FarA el vl
WEZOA YERaL Sl Ao i FaLA Aol F 2. A A F A
o 2 e Qi A 3918 5 U9tk BELR
A FuA S B, wETA 15.2em, oful S0 A 1) Classification &4
T9mE MG ShRT Al wE FUAB T g ) 2T e FebE £ BHE ) A
= = =0 §]-8- O Al
o1& Boli= Zlow vepkth S9E A9Es dvnd, o] classification 4] % TWINSPAN 7|H& #8350 =
Lo (Group A) Ap, Wf, Af (Group B)
Pt, Sj Fs Ct, Pd, Ap Af, Wf
I I il Y

(Pinus densiflora-
P. koraiensis comm.)

13, 37, 38, 39, 40,

41,

(P. densiflora comm.)

14, 26, 9, 15, 16, 17, 18,

42 20, 19, 10, 11, 12, 3, 4

(P. densiflora-
Acer palmatum comm.)
32, 27, 28, 29, 30, 7, 25,
31, 36,2, 1,5, 6,8

(Acer palmatum-
P. densiflora comm.)

21, 22,

23, 24, 33,
34, 35

Figure 2. The dendrogram of classification by TWINSPAN using forty-two plots in Gyeongju National Park
Af: Abies firma, Pt
tricuspidata, Sj: Styrax japonica, Fs: Fraxinus sieboldiana, Ct. Carpinus tschonoskii, Pd: Pinus densiflora)

(Lo: Lindera obtusiloba,

Ap: Acer palmatum, Wf. Wisteria floribunda,

Parthenocissus
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Table 2. TWINSPAN analysis of the distribution and abundance of trees(DBH > 2cm) in Gyeongju National Park

Com. I I m v

Plot Noz' 13 37 38 39 40 41 42: 14 26 9 15 16 17 18 20 19 10 11 12 3
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*1: P. densiflora-Pinus koraiensis comm., 1l: P. densiflora comm, Ill: P. densiflora-Acer palmatum comm., IV: Acer palmatum-P. densiflora comm.

' The MLLP. in each plot is indicated as follows: -; none, 1; below 1%, 2; 1~5%, 3; 5~10%, 4; 10~20%, 5; over 20%

> Ma: Maackia amurensis, Rm: Rhododendron mucronulatum, Fs: Fraxinus sieboldiana, Pk: Pinus koraiensis, Ab: Ampelopsis
brevipedunculata var. heterophylla, Zs: Zanthoxylum schinifolium, Pj: Pseudosasa japonica, Cc: Castanea crenata, Qm:
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Quercus mongolica, Sa: Sorbus alnifolia, Ps: Prunus serrulata var. spontanea, Lc: Lespedeza cryptobotrya, Rt: Rhus
trichocarpa, Ap: Acer pseudosieboldianum, Lo: Lindera obtusiloba, Lma: Lespedeza maximowixzii, Ve: Viburnum erosum,
Sc: Smilax china, Psa: Prunus sargentii, Pd: Pinus densiflora, Ah: Alnus hirsuta, Cs: Corylus sieboldiana, Qs: Quercus
serrata, Mk: Magnolia kobus, Sj: Styrax japonica, Pt: Parthenocissus tricuspidata, DI: Diospyros lotus, Vd: Viburnum
dilatatum, Qa: Quercus aliena, Le: Lindera erythrocarpa, Lg: Lindera glauca, Qv: Quercus variabilis, Ef: Euonymus
fortunei var. radicans, Fr: Fraxinus rhynchophylla, Ss: Smilax sieboldii, Ck: Celtis koraiensis, Aq: Akebia quinata, Va:
Vitis amurensis, Lob: Ligustrum obtusifolium, Rp: Robinia pseudoacacia, Jr: Juniperus rigida, Wf: Wisteria floribunda, Af:
Abies firma, Ea: Euonymus alatus for. Ciliato-dentatus, Zse: Zelkova serrata, Csi: Celtis sinensis, Ro: Rubus oldhamii, Ik:
Indigofera kirilowii, Ch: Corylus heterophylla, Cw: Cornus walteri, Cj: Callicarpa japonica, Ct: Carpinus tschonoskii,

Apa: Acer palmatum

A F248 YERYa(Table 2)(Choi et al., 1998), A
i TE THoRE TS A THFigure 2).

TS 7F ZANA Edse vEE S 38R
20 7 Wkdsl= T-E-F(differential species)ol 2
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Figure 3. DCA ordination of forty-two plots in Gyeong
-ju National Park(1: l, I: @, II: A, IV: @)

* 1. P. densiflora-Pinus koraiensis comm., 1I: P. densiflora comm, III: P.

densiflora-Acer palmatum comm., IV: Acer palmatum-P. densiflora comm.

e &} Apr-ahguratet Mo fAd o] 55.95% =
7V =gkom, whA 2 M9 AuUtaea) et Vo
U AU e o] 27.78% 2 7P Aol ek AT RS
AL Qe Ao 2 vehed o) e IVellA vehar
AT DTt dEAUN-] o] 7 A #-&-3h
Ro g deter)

Table 3. Similarity index among four communities

Community [ I il
I 46.95
m 48.50 55.95
v 33.52 27.78 53.90

* 1. P. densiflora-Pinus koraiensis comm., 1l: P. densiflora comm, III: P.
densiflora-Acer palmatum comm., IV: Acer palmatum-P. densiflora comm.
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Table 4. Importance percentage of major woody species by the stratum in each community
Com. . Layer U S M . Layer o1 g S M
Species Species
Pinus densiflora 68.10 1043  0.00 37.53:Magnolia kobus 0.00 1.09 0.67 048
Pinus koraiensis 0.00 37.63  0.00 12.54:Smilax china 0.00 0.00 249 042
Quercus aliena 1400 7.67 193  9.88{Corylus sieboldiana 0.00 0.00 236 0.39
Prunus sargentii 1596 130 2.04  8.75Viburnum erosum 0.00 056 090 0.34
Styrax japonica 0.00 17.08 9.86  7.34iVitis coignetiae 0.00 0.00 1.82 0.30
Quercus serrata 1.95 11.04 273  5.11iViburnum wrightii 0.00 0.00 1.66 0.28
Pseudosasa japonica 0.00 0.00 19.69  3.28:Quercus variabilis 0.00 058 041 0.26
I iLindera obtusiloba 0.00 3.70 11.27  3.11:Fraxinus sieboldiana 0.00 0.67 0.00 0.22
Parthenocissus tricuspidata 0.00 0.00 12.22  2.04iCorylus heterophylla var. thunbergii 0.00 0.00 128 0.21
Rhododendron mucronulatum 0.00 253 3.34 1.40:Castanea crenata 0.00 055 0.17 021
Zelkova serrata 0.00 3.02 0.17  1.04iAlnus hirsuta 0.00 058 0.00 0.19
Wisteria floribunda 0.00 0.00 6.16 1.03iLindera erythrocarpa 0.00 0.00 1.16 0.19
Lespedeza maximowixzii 0.00 0.00 5.80 0.97:Diospyros lotus 0.00 054 0.00 0.18
Robinia pseudoacacia 0.00 0.00 393 0.66:0Others 0.00 0.00 7.10 1.19
Rhus trichocarpa 0.00 106 0.86 0.50
Pinus densiflora 96.78 14.89  0.00 53.35!Rhus trichocarpa 0.00 086 146 0.53
Fraxinus sieboldiana 0.00 23.14 25.46 11.96:Viburnum erosum 0.00 028 232 048
Rhododendron mucronulatum 0.00 441 38.50  7.89:Quercus variabilis 0.00 1.06 029 040
Sorbus alnifolia 0.00 21.18 0.59  7.16:Prunus serrulata var. spontanea 0.00 033 132 033
Acer palmatum 0.00 17.70  0.55  5.99:Alnus hirsuta 0.00 0.69 0.00 0.23
Carpinus tschonoskii 322 439  0.00 3.07 Lespedeza maximowixzii 0.00 0.00 125 021
I iStyrax japonica 0.00 294 249  1.40:Quercus mongolica 0.00 0.00 1.04 0.17
Lindera obtusiloba 0.00 0.60 5.70  1.15:Parthenocissus tricuspidata 0.00 0.00 098 0.16
Castanea crenata 0.00 271 0.63 1.01:Magnolia kobus 0.00 0.00 0.89 0.15
Acer pseudosieboldianum 0.00 281 0.34 0.99:Quercus aliena 0.00 0.00 0.78 0.13
Pseudosasa japonica 0.00 0.00 586 0.98:Smilax sieboldii 0.00 0.00 0.69 0.12
Prunus sargentii 0.00 1.71 1.81  0.87:Corylus sieboldiana 0.00 030 0.00 0.10
Quercus serrata 0.00 0.00 4.75 0.79:Others 0.00 0.00 229 0.39
Pinus densiflora 80.19  0.00 0.00 40.10:Robinia pseudoacacia 0.00 1.03 021 038
Acer palmatum 9.17 45.64 17.29 22.68:Fraxinus sieboldiana 0.00 035 134 034
Carpinus tschonoskii 0.00 21.10 247  7.45iSmilax sieboldii 0.00 0.00 1.83 031
Zelkova serrata 7.89 793 2.08  6.94:Cornus controversa 0.00 080 0.00 0.27
Wisteria floribunda 0.00 085 38.96  6.78 Prunus leveilleana 0.00 0.78 0.00 0.26
Quercus serrata 0.79 512  0.58  2.20:Acer pseudosieboldianum 0.00 0.76 0.00 0.25
Styrax japonica 0.00 294 1.37 1.21:Lespedeza maximowixzii 0.00 0.00 145 0.24
Abies firma 0.00 192 2.73  1.10:Corylus heterophylla 0.00 054 020 0.21
Il Parthenocissus tricuspidata 0.00 0.00 6.48 1.08:Indigofera kirilowii 0.00 0.00 123 021
Prunus sargentii 0.00 1.66 2.64 0.99:Diospyros kaki 0.00 0.61 0.00 0.20
Cornus walteri 0.83 1.63  0.00 0.96:Photinia villosa 0.00 029 058 0.19
Celtis sinensis 0.00 1.75 0.27  0.63:Magnolia kobus 0.00 0.00 1.16 0.19
Rhododendron mucronulatum 0.00 0.00 3.57 0.60iAlnus hirsuta 0.00 054 0.00 0.18
Callicarpa japonica 0.00 0.00 3.45 0.58:Lindera obtusiloba 0.00 0.00 0.88 0.15
Castanea crenata 1.12 0.00 0.00 0.56:Celtis koraiensis 0.00 0.00 0.88 0.15
Sorbus alnifolia 0.00 143 0.00 0.48:Others 0.00 235 568 1.77
Rubus oldhamii 0.00 0.00 2.63 0.44
Abies firma 11.02 60.89  0.00 25.81iZelkova serrata 149 0.00 0.00 0.75
Acer palmatum 32.61 21.60 3.50 24.09:Rhus trichocarpa 0.00 0.00 4.07 0.68
Pinus densiflora 32.67 0.00 4.60 17.10:Styrax japonica 0.00 1.65 043 0.62
Wisteria floribunda 0.00 8.06 71.05 14.53:Parthenocissus tricuspidata 0.00 0.00 3.17 0.53
v Quercus aliena 1639 139 0.85 8.80iLindera obtusiloba 0.00 0.65 174 051
Quercus serrata 1.87 1.69 0.46  1.58!Acer pseudosieboldianum 0.00 134 0.00 045
Quercus variabilis 205 0.00 0.00 1.03:Juniperus rigida 0.00 0.77 0.00 0.26
Robinia pseudoacacia 191 0.00 0.00 0.96iSmilax sieboldii 0.00 0.00 136 0.23
Callicarpa japonica 0.00 0.00 5.69 0.95Others 0.00 0.00 2.65 045
Prunus sargentii 0.00 196 044 0.73

*1: P. densiflora-Pinus koraiensis comm., 1I: P. densiflora comm, Il: P. densiflora-Acer palmatum comm., IV: Acer palmatum-P. densiflora comm.

1 . . . .
C: Importance percentage in canopy layer, U: Importance percentage in understory layer, S: Importance percentage in shrub layer, M: Mean importance percentage
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Table 5. Descriptive analysis of the number of species and individuals by layer in Gyeongju National Park

(Unit: 100 m?)

Descriptive No. of individual No. of species
analysis Tree Undersrory Shrub Total Tree Undersrory Shrub Total
Mean 6.71£4.36  13.62+6.48 118.95£90.25 139.29+90.14 = 1.45+0.86 4.31+£2.14  7.24+3.59 10.67+3.96
Median 5.50 13.50 100.00 116.50 1.00 4.00 6.50 10.00
Mode 4.00 10.00 40.00 66.00 1.00 5.00 9.00 9.00
Maximum 18.00 30.00 472.00 490.00 5.00 10.00 16.00 21.00
Minimum 0.00 2.00 20.00 38.00 0.00 1.00 1.00 4.00

239 Peror 2AE oM, oluESHA e e 1
7} 14434765704 2 71 2o] A3 T r 2AES]

i

Se P 19 b
by

data =, o]z #

2
N
=
e
Irr
ol
S

(

o}
o
Sy
Ml xo

ST
1
ooy o— AW

o

)

=V

MY
rﬁ

N
>‘

M

1%

N i
X

[

T
o
kv

T = ol

-
B
—_
(@)}
b
o
i
N
N
)
jui
g
O
o,

o4
=9
[

ﬁd
sy
il
(
o
X
&2
x2 o
4 L

N
ol
52
rlo

/)

5. FTAZFE BE B

Marks, 1978).
#e 1 aur g Eeto s a

g
o)
T
S
v
)]
[\
aQ
=
>~
>
o,
=2
Y
N
N
==
—_>‘4—"4
N
X
)
ol
=
%2
T
]
o
£l

2 oo} GAolgwo] B2 FiS AA st Q=
3 & 9l

14719 Z2AE 23t Qe v OE AUt 5
HE0) 2O DBH 7~52cm o]Ake] 7oA i ¥ B
alal Qglom, tEe)] 431= DBH 37cm o]l 4] 157

o] |A7F BEE AL} eI US = DBH 37cm ©]4ke]
Aol 27 ERlya gtk ofwEFo| A= DBH 2~7cn
Ato] o] Ftol| A A= F e vHr7E 6870 A, Bl v 3578
A7y 247 ) on, Fuju= DBH 7~17cm ARe] 9
TR 1670A7F A2 AT

wE I AR g7 9489 wE o vk
WA sFehs FaeA nF BN oH, 55
DBH 52cm ©]4J9] 2xup57h 127070 # 2 of i

|

gl e I o QAT ol EFoM = Gt
2% 74 2o] #FEl= DBH 2cm o] &toll HE] 27cm Alo] ]
TRYA 947 A7 SRS dESS SUE A
A 7V AskE Aem 2AME ST
ST Ao vEhbaL Sl Tt Ve
TS ZAME 2T glow, A= DBH 12~52¢em
Atele] 3kell A 10704, Z3H-= DBH 12~37cm Afe]
o 3l A 97HAI7F &l H AT T DBH 2~27
cm Apol o] kol A 42704, AR EE ek 2
<3 ofals

& FaA FrlA 54707 EelEo] wkE
=9 TS FHsH vehSa ok 35S S

]

AT
A7 S5 AT #5Fe] BE 9 Fry ¢
ol aAlstaL sl

Table 6. Mean analysis of the number of species and individuals of each community in Gyeongju National Park

(Unit: 100 m?)

Community No. of individual No. of species
Tree Undersrory Shrub Total Tree Undersrory Shrub Total
I 471£2.69 14.43+5.44 184.57+£128.05 203.71+£128.11: 1.86£0.90 5.43+2.51 10.43+3.64 14.00+4.16
il 9.29+4.95 14.43+7.65 143.43+£98.59 167.14+£96.31 | 1.07+0.27 4.14+£2.07 7.71+3.67 10.2943.63
I 4934297 13.57+5.94 86.86+50.22 105.36+£51.20: 1.29+0.47 4.79+1.93 6.71+2.23 11.2943.02
v 7.14+4.78 11.2946.73 68.57+30.85 87.00+28.27 | 2.14+1.57 2.57+1.40 4.1443.29 6.86+3.24

* [ : P. densiflora-Pinus koraiensis comm., 1I: P. densiflora comm, Ul: P. densiflora-Acer palmatum comm., V: Acer palmatum-P. densiflora comm.
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Table 7. The DBH distribution of major woody species for each community in Gyeongju National Park
Unit . a
Com. (mz) Spemes Shrub D, D, Ds Dy Ds Ds D; Dyg Dy Dio D D>
Pinus koraiensis 0 0 1 2 10 5 2 0 0 0 0 0 0
Pinus densiflora 0 0 0 0 1 2 5 6 7 0 3 1 0
Quercus aliena 36 0 5 3 6 1 0 1 0 0 0 0 0
Quercus serrata 28 0 6 5 3 0 0 0 0 0 0 0 0
Lindera obtusiloba 128 1 6 0 0 0 0 0 0 0 0 0 0
I 700 Prunus sargentii 36 0 1 1 0 0 0 0 2 1 0 1 0
Parthenocissus tricuspidata 252 0 0 0 0 0 0 0 0 0 0 0 0
Rhododendron mucronulatum 28 4 1 0 0 0 0 0 0 0 0 0 0
Styrax japonica 84 0 20 6 0 0 0 0 0 0 0 0 0
Smilax china 48 0 0 0 0 0 0 0 0 0 0 0 0
Pseudosasa japonica 404 0 0 0 0 0 0 0 0 0 0 0 0
Others 248 0 14 1 0 0 0 0 0 0 0 0 0
Pinus densiflora 0 0 0 7 15 30 19 29 20 9 2 1 3
Carpinus tschonoskii 0 1 2 4 0 0 1 0 0 1 1 0 0
Castanea crenata 12 0 9 0 0 0 0 0 0 0 0 0 0
Quercus serrata 108 0 0 0 0 0 0 0 0 0 0 0 0
Lindera obtusiloba 152 1 1 0 0 0 0 0 0 0 0 0 0
Sorbus alnifolia 20 0 35 9 1 0 0 0 0 0 0 0 0
Prunus serrulata var. spontanea 48 0 1 0 0 0 0 0 0 0 0 0 0
I 1.400 Prunus sargentii 68 0 2 1 0 0 0 0 0 0 0 0 0
’ Rhus trichocarpa 52 1 2 0 0 0 0 0 0 0 0 0 0
Acer palmatum 20 1 4 7 7 0 0 0 0 0 0 0 0
Acer pseudosieboldianum 12 0 3 2 0 0 0 0 0 0 0 0 0
Rhododendron mucronulatum 504 10 6 0 0 0 0 0 0 0 0 0 0
Styrax japonica 40 3 4 1 0 0 0 0 0 0 0 0 0
Fraxinus sieboldiana 488 3 68 0 0 0 0 0 0 0 0 0 0
Pseudosasa japonica 196 0 0 0 0 0 0 0 0 0 0 0 0
Others 440 1 5 1 0 0 0 0 0 0 0 0 0
Pinus densiflora 0 0 0 0 0 3 4 3 11 6 7 6 12
Carpinus tschonoskii 4 0 9 12 7 3 0 0 0 0 0 0 0
Castanea crenata 0 0 0 0 0 0 0 1 0 0 0 0 0
Quercus serrata 12 0 7 4 2 0 0 0 0 0 0 0 0
Zelkova serrata 20 1 9 7 1 0 0 0 0 0 0 1 2
Celtis sinensis 4 0 1 1 1 0 0 0 0 0 0 0 0
Sorbus alnifolia 0 0 0 1 1 0 0 0 0 0 0 0 0
m 1.400 Rubus oldhamii 48 0 0 0 0 0 0 0 0 0 0 0 0
’ Prunus sargentii 8 0 1 0 0 1 0 0 0 0 0 0 0
Wisteria floribunda 464 0 3 0 0 0 0 0 0 0 0 0 0
Acer palmatum 180 4 42 30 15 5 2 0 0 0 0 0 0
Parthenocissus tricuspidata 120 0 0 0 0 0 0 0 0 0 0 0 0
Styrax japonica 16 1 4 3 0 0 0 0 0 0 0 0 0
Smilax sieboldii 36 0 0 0 0 0 0 0 0 0 0 0 0
Abies firma 28 2 1 2 0 0 0 0 0 0 0 0 0
Others 276 2 10 3 4 1 0 0 0 0 0 0 0
Pinus densiflora 40 0 0 0 1 0 2 1 4 1 0 1 0
Quercus variabilis 0 0 0 0 0 0 1 0 0 0 0 0 0
Quercus aliena 8 0 0 0 5 1 2 0 1 0 0 0 0
Quercus serrata 4 0 0 0 1 1 0 0 0 0 0 0 0
Zelkova serrata 0 0 0 0 1 0 0 0 0 0 0 0 0
Prunus sargentii 4 0 0 0 0 1 0 0 0 0 0 0 0
Y 700  Wisteria floribunda 276 0 12 0 0 0 0 0 0 0 0 0 0
Rhus trichocarpa 36 0 0 0 0 0 0 0 0 0 0 0 0
Acer palmatum 28 0 6 14 14 5 3 0 0 0 0 0 0
Parthenocissus tricuspidata 28 0 0 0 0 0 0 0 0 0 0 0 0
Styrax japonica 4 0 1 1 0 0 0 0 0 0 0 0 0
Abies firma 0 0 1 7 18 14 4 0 0 0 0 0 0
Others 52 0 4 0 0 1 0 0 0 0 0 0 0

*1: P. densiflora-Pinus koraiensis comm., II: P. densiflora comm, Ill: P. densiflora-Acer palmatum comm., IN: Acer palmatum-P. densiflora comm.
% Di<2(cm), 2<Dy<7, 7<Ds<12, 12<Dy<17, 17<Ds<22, 22<D<27, 27<D:<32,32<Ds<37, 37<Dy<42, 42<D;p<47, 47<Dy;<52, 52=Dy»
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Table 8. The estimated age of major woody species in Gyeongju National Park

Community Plot no. Species Height(m) DBHcm) Expected Age(Year) Mean Annual Growth(mm)
I 38 Prunus sargentii 20 34 42 4.03
(P densiflora- 39 Pinus densiflora 15 28 53 2.07
pi ko o 42 Pinus koraiensis 13 23 30 2.68
inus koraiensis comm.) 42 Pinus densiflora 22 44 52 4.22
9 Pinus densiflora 23 31 53 3.84
I 14 Pinus densiflora 18 40 49 3.23
(P. densiflora comm.) 17 Pinus densiflora 20 28.5 47 2.89
26 Acer palmatum 13 15 36 2.17
1 Pinus densiflora 22 30 83 2.33
m 2 Pinus densiflora 22 51.5 101 2.28
(P. densiflora- 5 Pinus densiflora 22 49 88 1.92
y ' ; 7 Pinus densiflora 20 46 89 2.77
cer palmatum comm.) 32 Pinus densiflora 20 41 57 2.72
32 Acer palmatum 8 13 30 2.18
Iy 22 Abies firma 15 20 36 2.45
(Acer palmatum- . .
P. densiflora_ comm.) 22 Pinus densiflora 20 29 35 4.00
E 12 }E |
i\“’@“@“@\@“ SESLLFFPSFSFLFTLPL LIS LS LSS \0@ SELLISLFIISLLFLIEL SIS LS ELS S
Year Year
Plot 2: Pinus densiflora Plot 7: Pinus densiflora
g T
H £
1980 1981 1962 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 |%4;:5r|99619971998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994;:5:99[”5971998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Plot 22: Abies firma Plot 26: Acer palmatum
g ¥
0@“5’@%\‘4\@“&'ﬁxﬁé"\@ﬁ\‘g’&@\@&\@@@@@\@w@%@?@p\‘f@@«§§$$\§$§'§§§§$$ 1986 1967 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Plot 38: Prunus sargentii Plot 42: Pinus koraiensis

Figure 4. The analysis of mean annual growth of the major species in Gyeongju National Park



AFIYTY B ARYS) AYTE 799

9] eI e g MolA AF e dause &
°F 30~36\d, AH AFFL 2.17~2.18mic} L=
= aAg AAERo] 4.00mnE oF 3579 8-S 7 A
o2 FAFATH

AE A A AAAA JHL 1009 W)= FAEA
o} e ARl A ol 2 1914 AT 7E Aof 2k
o] AFES fsta 7] sy dES 40 )
Q)2 Apl| 7h7hg AupatEte] g o] "WojA=

ML ol

A3, EAtel 77k AR 5
wero g ool gt ol IHARH Y
© Hal=sdel A F5dEr 1
LH-o] ofgfol]l S, Uk, AR
o] upiaee] Q9A o7 WS 71
AL vk 28 AL Bl HojA Hojd =5 of
1A 25, 23, S, A2
AP ARl Eto] Sojutal le Al of
Aol AAol e ddtal & = vk
= AR B Aol B
A= Wall=/de A8l AtEl(Cho, 1987; Baek
and Kim, 1999; Yi and Choi, 2000)7} %<& & 73t
AT AFTEed W E5AF AR Y] Aubrele] dapy
W RS Aekete] adiE fA 5= Aol viEAsittaL
Tt oA EAF T AR Y] 9 HAS AA
ato] 11 & FAoR el AR oAU B4 ks
ol w2 A ohulkgit $HES FEE A7leka,
AAFe] e A E S FEUts AL 1 9
2 Mol A e 4 A= #A9] Ao
HAE FASEA ARl E Fieshs Zlo] niEAs)] 1

Baek, G.J. and G.T. Kim(1999) Studies on the Vegetation Structure
and Management of the Seonghwoanglim(Natural Monument
No. 93) in Wonju. Korean Journal of Environment and Ecology

13(1): 66-69. (in Korean with English abstract)

Baek, J.B., S.H. Choi and J.W. Cho(2000) The Analysis of
FOREST Structure for Vegetation Landscape Management in
Seongnamsa Temple Area. Journal of Korean Institute of
Traditional Landscape Architecture 18(4): 68-76. (in Korean
with English abstract)

Brower, J.E. and J.H. Zar(1977) Field and Laboratory Methods for
General Ecology. Wm. C. Brown Company, 194pp.

Cho, J.C.(1987) A Study on Pinus densiflora community on
Conservation Measures in the Natural Park. Univ. of Seoul.
Graduate School Dissertation for the Degree of Master, 56pp.
(in Korean with English abstract)

Choe, J.Y.(2002) A Study on the Preservation of a National Park
Mt.Namsan's Plan in Kyongju. Construction and
Environmental Research 1(4):157-169. (in Korean with
English abstract)

Choi, S.H. and H.M. Kang(2006) Vegetation Structure of the
Kumsaenggol in the Wolchulsan National Park. Korean
Journal of Environment and Ecology 20(4): 464-472. (in
Korean with English abstract)

Choi, S.H. and Y.K. Yi(2000) Vegetation Sturcture and
Management Proposal of Hwangsong Park in Kyongju. Korean
Journal of Environment and Ecology 14(1): 46-56. (in Korean
with English abstract)

Choi, S.H., K.J. Lee and J.Y. Kim(1998) Altitudinal Vegetation
Structure of SunginBong in Ullungdo(Island). Korean Journal
of Environment and Ecology 12(3): 290-296. (in Korean with
English abstract)

Choi, S.H., K.K. Oh and H.M. Kang(2005) Vegetation Structure of
Cheonseongsan Area-In the Case of the Wonhyo Tunnel
Reserved Section of the Gyeongbu Line for KTX. Korean
Journal of Environment and Ecology 19(4): 333-341. (in
Korean with English abstract)

Choi, S.H., Y.K. Yi, P.I. Yi and S.H. Lee(2008) Ecological Value
Assessment of Bulguk-Temple in Toham Mountain. Journal of
Korean Society of Urban Environment 8(1): 67-80. (in Korean
with English abstract)

Curtis, J.T. and R.P. McIntosh(1951) An upland forest continuum
in the prairie-forest border region of Wisconsin. Ecology 32:
476-496.

Gwak, B.H. and Y.C. Sin(1980) Scenic landscapes, vegetation and
trees about ramp inspections. Korean Institute of Landscape
Architecture 8(1): 1-11. (in Korean with English abstract)

Gyeongju-si(2005) Gyeongju National Park Management Plan,
443pp. (in Korean)

Ha, J.H., G.P. Hong and N.C. Kim(1997) A Study on the Planting
Status of Landscaping Plants of Sunam Temple. Landscape of
Buddhist temples 5: 45-57. (in Korean with English abstract)

Han, S.I1.(1991) A Study on Reasonable Management Programs of



800 Bam] -

BN
ofy
(ol

s34 A e8] 4] 26(5) 2012

Kyung-ju National Park. Korea Academic Society of Tourism
Management Tourism Studies 1: 255-267. (in Korean with
English abstract)

Harcombe, P.A. and P.H. Marks(1978) Tree diameter distribution
and replacementprocesses in southeast Texas forests. For sci.
24(2): 153-166.

Hill, M.O.(1979a) DECORANA - a FORTRAN program for de-
trended correspondence analysis and reciprocal averaging.
Ecology and Systematics, Cornel Univ., Ithaca, New York,
520pp.

Hill, M.O.(1979b) TWINSPAN - a FORTRAN program for arrang-
ing multivariate data in an ordered two-way table by classi-
fication of the individuals and attributes. Ecology and
Systematics, Cornel Univ., Ithaca, New York, 990pp.

Im, W.H.(2009) Improvement of management systems in
Gyeongju National Park-1. Journal of ecocity 33(2): 17-35. (in
Korean)

Jeong, G.H.(1997) A Thought to Landscape of Korean Buddhist
Temples. Landscape of Buddhist temples 5: 35-44. (in Korean
with English abstract)

Kim, T.I.(2009) Gyeongju National Park Management Plan Based
on Economic Valuation. The Journal of Korean Institute of
Forest Recreation 13(1): 7-17. (in Korean with English ab-
stract)

Kim, W.(1994) Gyeongsangbuk-do, Gyeongsangnam-do not natu-

rally green overhaul. Ministry of Environment, 366pp. (in
Korean)

KNPS Gyeongju National Park(2010) Resource Monitoring in
Gyeongju National Park: 2year. 293pp. (in Korean)

KNPS(2008) Gyeongju National Park Resource Investigation.
649pp. (in Korean)

Lee, JM.(1991) A Study on Actual Vegetation and Vegetation in
Gyeongju National Park, Namsan. Kyungpook National

University Dissertation for the Master Degree, 20pp. (in
Korean with English abstract)

Lee, K.J., S.H. Choi, H.S. Cho and Y.W. Lee(1994) The Analysis
of the Forest Community Structure of Tokyusan National Park:

Case Study of Paekryunsa-Kumpotan. Journal of Korean
Applied Ecology 7(2):135-154. (in Korean with English ab-
stract)

Lee, S.Y.(2008) A Study of the Improvement of Management
System of Gyeongju National Park. Gyeongju Univ. Graduate
School Dissertation for the Degree of Master, 45pp. (in Korean
with English abstract)

Lee, Y.K.,B.I. Lee, S.H. Choi and S.Y. Han(2011) Korean Buddhist
Temples: Buddhist Temples Valuation and Management of the
Public Interest, 396pp. (in Korean)

Mungyeong-si(2010) Survey and annual business planning serv-
ices in the Protected Area for Forest Genetic Resources, 347pp.
(in Korean)

National Science Museum(1997) A Study on Ecosystems in
Gyeongju National Park, 144pp. (in Korean)

Orloci, L.(1978) Multivariate Analysis in Vegetation research, 2nd
ed. W. Junk, The Hague, 468pp.

Park, I.H.(1985) A Study on Forest Structure and Biomass in
Baegwoonsan Natural Ecosystem. Seoul Natinal Univ.
Graduate School Dissertation for the Degree of Doctor of
Philosophy, 42pp. (in Korean with English abstract)

Shin, Y.J.(2000) A Proposal for Improvement of the Cultyral
National Park Plan -Focused on Kyungju National Park-.
Kongju Natinal Univ. Graduate School Dissertation for the
Degree of Master, 46pp. (in Korean with English abstract)

Whittaker, R.H.(1956) Vegetation of the Great Smoky Mountains
Ecological Monographs 26: 1-80.

Yi, P.I. and Y.K. Yi(2002) Temple Environmental Studies.Silla
Council, 316pp. (in Korean)

Yi, Y.K. and S.H. Choi(2000) Vegetation Structure Analysis of
Urban Forest -The Case of Namsan in Kyungju-. Journal of the
Korean Institute of Landscape Architecture 80: 13-24. (in
Korean with English abstract)

You, J.H., S.J. Mun and W.S. Lee(2011) Management Plan and
Vascular Plants of the Hwarang District in Gyeongju National
Park. Journal Korean of Restoration Technology 14(5): 17-35.
(in Korean with English abstract)



