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ABSTRACT

Vegetation structure of Hwangsong Park in Kyongju was investigated to study ecological
value and to suggest a desirable management proposal. To do this, twenty plots were set up
and surveyed. The Hwangsong Park forest was classified into five plant communities by the
DCA technique, which were two types of Pinus densiflora communities, Quercus spp.-P. densi-
flora, Robinia pseudoacacia and Q. mongolica community. In the diversity analysis, 29 woody
species were observed, but species composition was simple. No. of average species is 5.4 2.9
per a plot(100m?), and Pinus densiflora is a dominant species in DBH 27~47cm class. From
the results of tree ring and growth analysis, it was found out that Pinus densiflora community
of Hwangsong Park has a historical and ecological value, but recently the growth rate was
decreasing. The management proposal was suggested upon to the above results.
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Figure 1. The location map of the survey plots in
Hwangsong Park, Kyongju
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Table 1. Description of the physical features of each plot classified by DCA ordination in Hwangsong

Park, Kyongju
Community | I
Plot Number 10 12 19 5 6 8 9 11 16 17
Altitude(m) 30 30 30 - - 30 30 30 30
Aspect N34E N34E NI18E - - N34E N34E NI18E NI18E
Slope( °) 0 0 0 3 3 3 0 0 0 0
Height of canopy(m) 12 12 12 12 12 15 12 12 12 12
Mean DBH of canopy(cm) 40 40 30 25 25 25 40 40 30 30
Cover of canopy (%) 70 70 60 80 90 95 70 70 60 60
Height of understory(m) 3 3 6 - 8 - 3 3 6 6
Mean DBH of understory(cm) 8 8 9 - - - 4 8 9 9
Cover of understory(%) 1 1 30 - 10 - 1 1 30 30
Height of shrub(m) 1.2 1.2 1.5 0.5 1.2 0.5 1.2 1.2 1.5 1.5
Cover of shurb(%) 95 5 15 10 50 1 95 5 15 15
Number of species 1 1 9 5 6 3 4 4 6 5
Table 1. (Continued)
Community I i NV V
Plot Number 18 20 1 3 4 13 14 2 15 7
Altitude(m) 30 30 - - 50 40 - 40 -
Aspect N18E NI18E - - - N86E WI18S - N32W -
Slope( *) 0 0 3 3 3 18 16 3 21 3
Height of canopy(m) 12 11 11 12 12 13 12 11 17 12
Mean DBH of canopy(cm) 30 35 15 15 20 20 35 30 25 25
Cover of canopy(%) 60 40 80 80 80 85 80 40 70 95
Height of understory(m) 6 6 7 - 7 6 5 3 7 5
Mean DBH of understory(cm) 9 10 8 - 10 8 7 2 10 4
Cover of understory(%) 30 50 30 - 10 20 20 5 10 20
Height of shrub(m) 15 1.5 0.7 07 0.5 2.5 2 1.5 1.5 05
Cover of shurb(%) 15 10 30 5 1 40 5 20 30 80
Number of species 4 7 4 4 2 11 11 5 9 6
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Pd: Pinus denaifiora
Qa Quercus aculissima
Qi: Q. aliens
Rp: Rododendrort pzeudoacacia F
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Figure 2. The map of actual vegetation in %; -
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Figure 3. DCA ordination of the sample plots in
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Figure 4. The dendrogram of stand classification
by TWINSPAN using twenty plots in
Hwangsong Park, Kyongju

Aejd SHn 2o FHAA(100m)T FH
FE 1~9%0% AYTh

2. BEAMY

A FATD Ao @A E 2A8HY YE
F 70| Figure 2019, A2 FARA & et
¥l o] Table 2]t}

HEAYRIE AAH o oY 39 T

o
U o2

Holl= &uRgo], oo AtF-glo] A
Fi AT, 2 AEARAY F SRR ) A}
AsheE HlEe F 54nd oy Adeeuid 35%, 7t 50.5%, 32.5% % FFE] wUhow, 2A BA
AU 25 7% 2183 2% Rele] 23 UEda o ez ERE dlgon, Azt 23 o] &
ol R H oz FAE AT, y222A), 28 1 2uU52dB), 28 1&
Ageuie 23R s A" ARER-aur T
3. ZHER A, 23 Ve ovEey, 28a 2y Ve 4l
A el
(1) Ordination &4
AA 2070 FAFFl 8l ordination 71 F (2) Classification B4
DCAE ol&3td BME HAISAtH(Figure 3). Classification 718 £ TWINSPAN 71¥H& &

DCA #4231 A 123 Al 2%9] eigenvaluet 2 /3 Ao] Figure 4°]th. TWINSPAN £42 7

Table 2. Area of actual vegetation coverage of Hwangsong Park, Kyongju

Community Area(m”) Ratio(%)
Pinus densiflora 141,250 54.1
Quercus acutissima 92,047 35.3
Q. aliena 4,687 1.8
Q. spp. 18,977 7.3
Robinia pseudoacacia 4,038 1.5

Total 260,998 100
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Table 3. Importance value of each plot for classified type by DCA ordination in Hwangsong Park,

Kyongju

Communities I

Plots 10 12 19

Poncirus trifoliata - - 0.5
Cocculus trilobus - - 1.1
Lespedeza bicolor - - 2.0
Celastrus orbiculatus - - 2.4
Elaeagnus umbellata - - -
Rubus crataegifolius - - 2.0
Quercus mongilica - - -
Lespedeza maximowiczii - - -
Quercus aliena 4.4
Pinus densiflora 50.0
Quercus acutissima 1-2
Celtis sinensis - - -
Wisteria floribunda - - -
Rhus trichocarpa - - 3.2
Stylax japonica - - -
Castanea crenata - - -
Quercus variabilis - - -
Quercus serrata - - -
Lindera glauca - - -
Rosa multiflora - - -
Prunus sargentii - - -
Sophora japonica - - -
Acer palmatum - - -
Ligustrum obtusifolium - - -
Lonicera japonica - - -
Smilax china - - -
Pseudosasa japonica - - -
Pinus rigida - - -
Robinia pseudoacacia - - -

50.0 50.0

- 5.9
- 25.4 - 2.2
48.3 50.0 50.0
132 24 26

12.0 12.0 236
416 58.0 50.0

3.0 221 230

72 6.9

1.0 0.4 - - - - -

142 119 10.1
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Table 3. (Continued)

Communities I I\ V
Plots 18 20 1 3 4 13 14 2 15 7
Poncirus trifoliata - - - - - - - ~

Cocculus trilobus - 1.2 - - - - - - _ -

Lespedeza bicolor - - -
Celastrus orbiculatus - - -
FElaeagnus umbellata - - -
Rubus crataegifolius
Quercus mongilica
Lespedeza maximowiczii
Quercus aliena

Pinus densiflora
Quercus acutissima
Celtis sinensis

Wisteria floribunda - - 8.4
Rhus trichocarpa - - -
Stylax japonica - 5.1 -
Castanea crenata - - -
Quercus variabilis - - -
@uercus serrata - - -
Lindera glauca - - -
Rosa multiflora - - -
Prunus sargentii - - -
Sophora japonica - - -
Acer palmatum - - -
Ligustrum obtusifolium - - -
Lonicera japonica - - -
Smilax china - - -
Pseudosasa japonica - - -
Pinusrigida - - -
Robiniapseudoacacia - -

- - - - - - 556
- - - - - - 01
- 127 08 17 - 23 -
157 - 78 109 - - -
182 873 - 132 51 06 100
- - 11 - - - 179
40 - - 03 24 - 163
- - - 44 - - -
- - 105 217 - - 02
- - - - 43 - -
- - 558 244 - 14 -
- - 06 - - 19 -
- - 20 - - - -
- - - - - 2‘7 -
- - 09 - - - -
- - - 09 - - -
- - — 60 - — -
- - - - - 09 -
- - - - - 13 —
- - 09 - - - -
- - 95 - - 56 -
521 - 103 94 230 - -
- - - 09 283 833 -
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Al R 3o tid M.I.V.(Mean Importance
Value)& Azt Zo] Table 309, 24 ¢{¥=
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Table 4. Importance value of woody species by the stratum in each community

Communities/Species C* U S M

Communities/Species  C U S M

Community [
Pinus densiflora 100.0 0.0 0.0 50.0

Q. aliena 0.0 00 262 4.4
Rhus trichocarpa 00 00 194 3.2
Celastrus orbiculatus 0.0 00 142 2.4
Lespedeza bicolor 0.0 00 121 2.0

Community 1

Pinus densiflora 896 278 0.0 541
Quercus aliena 6.2 274 171 151
Q. acutissima 42 448 196 203

Wisteria floribunda 0.0 00 252 4.2
Rubus crataegifolius 0.0 0.0 8.3 1.4
Lespedeza bicolor 6.0 00 6.7 1.1

Community [I
Quercus acutissima  36.8 95 43 223

P. densiflora 21.3 19.0 0.0 17.0
Q. variabilis 211 114 09 145
Pinus rigida 11.0 21.1 0.0 125
Q. aliena 6.9 0.0 4,2 4.1
Robinia pseudoacacia 3.0 11.1 9.0 6.7
Stylax japonica 00 202 355 126
Acer palmatum 0.0 2.5 0.0 0.8
Rhus trichocarpa 0.0 20 0.0 0.7

Community

Robinia pseudoacacia 78.4 31.1 40.2 56.3
Castanea crenata 216 12.3 00 149
Pinus rigida 0.0 48.0 00 16.0
Quercus acutissima 0.0 8.6 4.4 3.6
Pseudosasa japonica 0.0 0.0 152 2.5
Rosa multiflora 0.0 0.0 9.6 1.6

Community V

®. mongolica 80.2 46.5 0.0 556
Quercus acutissima  19.9 0.0 0.5 100
Celtis sinensis 0.0 536 0.0 17.9

Rubus crataegifolius 00 00 118 2.0

Quercus acutissima 0.0 0.0 7.0 1.2
Cocculus trilobus 00 0.0 6.5 1.1
Poncirus trifoliata 0.0 00 2.7 05

Robinia pseudoacacia 00 0.0 6.0 1.0

Stylax japonica 0.0 0.0 56 09
L. maximowiczii 0.0 0.0 4.4 0.7
Cocculus trilobus 00 0.0 3.9 0.7
Celtis sinensis 0.0 00 2.6 0.4

Elaeagnus umbellata 0.0 0.0 0.7 0.1

Celtis sinensis 00 1.8 0.0 0.6
Prunus sargentii 00 15 0.0 0.5
Pseudosasa japonica 00 0.0 207 3.5
Wisteria floribunda 0.0 00 162 27

Lindera glauca 0.0 00 4.6 0.8
Smilax china 0.0 0.0 2.0 0.3
Sophora japonica 0.0 0.0 1.3 0.2
Q. serrata 0.0 00 1.3 0.2

Wisteria floribunda 0.0 00 8.8 1.5

Quercus serrata 0.0 00 6.5 1.1
Q. aliena 0.0 00 6.4 1.1
Lonicera japonica 0.0 0.0 4.0 0.7
Q. variabilis 0.0 0.0 26 04

Ligustrum obtusifolium 0.0 0.0 2.3 0.4

Wisteria floribunda 00 00 979 163
Stylax japonica 0.0 0.0 1.1 0.2
Lespedeza maximowiczii 0.0 0.0 0.5 0.1

*C: Canopy importance value, U: Understory importance value, S: Shrub importance value, M:

Mean importance value

21.1%), 23IF-AV. 6.9%) 9 iR &
WLV, 21.3%), B (1.V.11.0%) &
ol #d3tn 9lom, oAUV, 3.0%)7} +&
Aoz #AH 3 glY. ok EFda e g7 ity
b 257 247 1V 211, 19.0% 2 $3E /4
3t e, SFUHF(LY. 11.4%) 9% el vt

(LV. 9.5%)7F AE & &3sta Yot 7| =1
BIF 1V, 20.2%2 olunEEos $HEE o
At FEFAN = A7 2933 IR ge
A, A YR(1V. 4.3%), FFIE(IV. 0.9%),
ZAAUR(IV. 4.2%) 5 HIEF) 28288 =2
oz AR, o odte] WEUR(1V. 35.5%),
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Table 5. Various species divesity of Hwangsong Park, Kyodngju

ol 6522 It T2 ez stk

(2) BOYY 24

A 5 £ 7t FAATEE FUUdE ¥4 %
ArstE Tt (Table 5). &8 19 A 10, 12&
2UF 1502 o] Fo]x Shannon® FThYEAF
(H)7} 0.02.2 vehgt}h Augage] a7t
ol & zE Fn v v [ IAFER
Aol atole eyt 0.4~0.79 HHE el
o A F-2uFEdd #3 1% Shannond
FUFEIF 0.2~0.72 7t ZARER FuhdRe
olzb A3t Ak, dutH oz AdFPdA Y
Shannond F9dY4=7F 1.0 WY (H4E 5.
1997)91 AL Aorety B33 F24 e ded
A detdm gk AA 2070 AP A 28 &
T4 29%0191e, Shannon A+ 0.9431°9]

AT},

(3) B+ ¥ AT BY
2070 Aol sl @AEA 100m™B A4S

(Unit area: 100m?)

Comm. Plot H! Simpson P.ILE.? J D’ H max
10 0.0000 1.0000 0.0000 sxerens? A 0.0000
| 12 0.0000 1.0000 0.0000 A Frarr 0.0000
.................................. 1908308 ... .5.8755.....0.8298  ..08706 . 01294 09542
5 0.5864 3.4208 0.7077 0.8389 0.1611 0.6990
6 0.5988 3.3204 0.6988 0.7695 0.2305 0.7782
8 0.4392 2.71600 0.6377 0.9206 0.0794 0.4771
9 0.5529 3.7317 0.7320 0.9183 0.0817 0.6021
I 11 0.4113 2.1438 0.5335 0.6832 0.3168 0.6021
16 0.6924 4.5763 0.7815 0.8897 0.1103 0.7782
17 0.5380 2.6151 0.6176 0.7697 0.2303 0.6990
18 0.4167 2.2969 0.5646 0.6922 0.3078 0.6021
2007705 55670 08204 09117 00883 0845
1 0.4117 2.3222 0.5694 0.6839 0.3161 0.6021
3 0.3850 2.0056 0.5014 0.6396 0.3604 0.6021
Il 4 0.2173 1.5217 10.3429 0.7219 0.2781 0.3010
13 0.6780 3.0435 0.6714 0.6511 0.3489 1.0414
.................................. 14 .....0.7816 ...44110 07733 0 0.7505 02495 1.0414
v 2 0.3856 1.9066 0.4755 0.5516
.................................. 19 08719 8.BTRT 08479, ... 09137 ....0.0863 . 0
V 7 0.1324 1.1256 0.1116 0.1701

1. Shannon's diversity index uses logarithms to base 10.
2. P.1.LE. = the Probability of Interspecific Encounter

3. Overflow
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Table 6. Descriptive analysis of the number of species and individuals of twenty plots in Hwangsdng

Park, Kyongju

(Unit: 100m?*)

Descriptive

No. of individual

analysis Tree Understory
Mean 5.8+3.4 3.4+4.38
Median 5.5 1.5
Mode 2 0

Max 13 20
Min 1 0

No. of species

Shrub Total
100.8+£104.2 110+107.0 5.35+2.9
76 83 5
76 63 4
436 450 11
0 4 1

9 F 245 AAIBH T (Table 6). &3 ¥
ANAFE 5.8€3 40| S 55, AW
#@e 2%} oluESH BEZ Hd M
Z}zd 3.4+4.8, 100.8+104.2%9 €, olu &9
A AUFdo] wEEY FEEY deEdE /A
= A5t 83, #5290 B 5o gAY oY

7t E@ske AdelN AA S DA Al T
& wEolth 7 2A 7Y BEFSE 5.3542.9%
19EE, MFANY) B 11.0+3.9F (A5 5,
1997). LuiAd=HIHe) AF 17.0£3.4F(H%
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Table 7. The DBH distribution of major tree species for each commynity classified by DCA ordination

Commgr‘l‘}; Species Shrub D1 Dz D3 D4 D5 De D7 Dg D9 Dlo DH D12
Pinus densiflora 0 6 0 0 0 0 0 1 3 4 2 0 0
I 300 Quercus acutissima 8 o o0 o0 0 o0 0 o0 0 0 0 0 0
Q. aliena 24 o o0 o o O O O 0O 0 O 0 0
.............................. Others 44 0 .0 .0 0 0 0 0 0 0 0 0 0
Pinus densiflora 0 0O 0 3 6 6 6 4 3 T 4 3 1
Quercus acutissima 184 0 3 8 1 1 0 0 0 1 0 0 0
900 5 aliena 120 0 2 8 1 1 0 0 1 0 0 0 0
.............................. Others 500 0 0 0.0 0.0 0 0 0 0 0 0
Pinus densiflora 0 o 1 5 5 4 1 0 0 0 0 O 0
Quercus acutissima 36 0 0 3 1 38 5 3 0 1 0 0 0
Q. variabilis 8 o 0 2 4 2 1 0 1 1 0 0 0
I 500 Q. aliena 28 0o 0 o o0 2 1 O O O O 0 o
Robinia pseudoacacia 68 0 2 4 0 0 0 0 0 0 0 0 0
Pinus rigida 0 0o 0 2 5 1 2 0 0 0 O 0 0
Styrax japonica 68 60 101 0 0O 0 0 O 0 0 0 0
R Others ... 256 0.3.1.0.0.0 .0 .0 0 0 0 0
o Pinus rigida 0070 1 0 0 1o 00 0 0 0 0o
N 900 Quercus acutissima 20 0o 1 0 O 0O 0 0 0 0 0 0 0
Robinia pseudoacacia 128 0 0 3 1 1t 1 1 0O 0 0 0
.............................. Others. 8 0 0 1.0 0 .0 0 1 0 0 0 0
Quercus acutissima 4 o o o0 o0 O 1 0 0 0 o0 0 0
¥ 100 Q. mongolica 0 60 2 3 5 1 0 0 0 0 O 0 0
Others 432 0 1 1 O O O O O o0 0o 0 o
D2, 2<DXT7, T<DK(12, 12<DK17, 17<Ds(22, 22<De(27, 27<D(32, 32<Dyg(37, 37<D42, 42

<Dy{47, 47<D, €52, 522D, (Units:icm)

Table 8. The estimated age of Pinus densiflora in Hwangang Park, Kyongju

Plot No. 1 5 6 8 9 10 11 12 16 17 18 19 20
DBH(cm) 25 23 23 30 38 37 46 38 42 33 38 41 32
Height(m) 11 8 14 10 12 11 13 11 11 10 12 10 7
Estimated Age 28 29 32 78 65 74 55 58 63 73 59 76 71
A% AL ANA SRoH FAFAS AR A b UE D PE glo] TR FEAAE
JdMee £ wad) % A QAL o & KA oMol FRUD o8 YA Foz
59 o SRl g sol APl FHH M T GAE DAY FYTAL BIRA 4
Al 5@ Aoz weld, ol o 9ich,
A FYBAE o §GBe] g He} ahy
6. BNTA aiEet Bel A472Ae Aol7k HAstn A =, ol &
gao] e 2e A% A4l JYHA Fokn 23]
Byzde AAAY G- BHEA AT 4 o Gl Jeirt BasT gon], o geko] ofg
2 2A AFAVES AT B4 Yls, BA T BT, ASUUR 5 A5 NG 2
gezAe 297%, o4 2 B8 287l 5o g Wln itk 2@ A4Rd Fuew gs
Ago] Zlhe, o}ed 21M7IoE AREARZA 4R AAUE 5 gesFel sl glol w4
o Aol AL WHE FAF] F oz oy o dReS Yol shm Yok,
A}, 2ol 299 BE G, 284, A4 webd $4FAS A4 BoA A4S nde
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Pinus densifiora (plot 5)
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Pinus densifiora (plot 8)
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Figure 5. The annual ring width of Pinus densiflora of Hwangsong Park, Kyongju

2 AA 7S Ad 5 AR S A E A

AR
ARoln] AEAQ Tr} ettt BYe Y
Q =W AL BEAEQ FHOR HIE 7 Ue
o =2

+ 299 79E HEHAEE nfgo
2(Figure 2) AAHstd 2R L FAHR 3=
a4 23 9 #A Gy A yirr 2xdo 9l
£ g fExdE HAYshe Aol et g
AA Ao sFete FRY A HATE FEH
el $E olojuvtz iyt HA A Ksta gl
on AYgEe] ogle] & onz v
AL AT F UEF BElstedol 3 o] &4
g Aojt}, whd x4 o] &9t
e Al oA E7 kAt R
o] W FFE AYFToE dAF ke Hert
SHY, AL BahEQ] ZHA 3 F3do] 2
Ae G S EZ3a o] 2 FY U AdTFA~
93 Wefsled w&A A FUA e Z2ad S
Zgslof & Aot}
o1& HalM e el # 73 - Jate HEH AA
Zt3 BelRlE WA st 4 - D2l A ASel A
AE A F Y=F AAH W7t aFEY
Wz 7 Z34eE, 1999).

ol jo

—_

o
[,

=2
S

gl
o

o] AR, LT, ¥4 (1988) FHY HETHFE
B o] g A7, =278 15(3): 21-31.

ol AA, 43, +E4(1991) 45 A4ARTE 2
el Aol B AF(0): § - 35 AELHY A
o] =z et3] 19(3): 41-54.

o] 4 (1997) AF Y LY AEH(FTHFTHEH,
AEITPZY AgA A7 74-121). AF.

U1 (1986) W2kxe AdAdAeiAe] 4d+2
2 EA YA} B A7 M gUiEgn ity At

el =P 48%.

WA, 22 (1999) AFA HFY (W47 9B A 93
2)9) 4472 9 Belude] 3R A7 FRAA

Bl grs] 4 13(1): 61-69.

o] #3[(1992) AT =19 YA Hol @ A
34 Al A&7 L ARARY. F527
&3] - @Y es] FEHEAY 41-51%.

oA, HHd, 2AA(1993) LMN=HT A A S
of AT EEH. $44HET6(2): 113-126.

FHEW(1992) A HSAF) AEFHEd Wil #
g AT A 2AI BN e R AL = 825

H5A(1996) Lld=HzY =A8AY deTd T

A SRR 9(2): 156-165.

CEFEE O1BA997) FHEE T UFA

19 VR A7 B3 Y53
11(2): 166-176

$33(1996) A& =A<
Foiga =gq 8.

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

Hill, M. 0.(1979a) DECORANA - a FORTRAN pro-

gram for detrended correspondence analysis and

Hr

@
rx o N
‘NrBL‘P

Bl g3 A+ A

p i

reciprocal averaging. Ecology and Systematics,
Cornell University. Ithaca, N.Y., 52pp.

Hill, M. 0.(1979b) TWINSPAN - a FORTRAN pro-
gram for arranging multivariate data in an
ordered two way table by classification of the indi-
viduals and attribute. Ecology and Systematics,
Cornell University. Ithaca, N.Y., 99pp.

Ludwing, J. A. and J. F. Reynolds(1988) Statistical
ecology. Wiley interscience. Inc., N.Y. 337pp.

Pielou, E. C.(1977) Mathematical ecology. John Wiley
& Sons, N.Y., 385pp.



