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ABSTRACT

This study was carried out to provide basic information for the ecological preservation management of temple

forest (Donghaksa, Gapsa, Sinwonsa) by investigating the ecological characteristics of vegetation structure of

the Cultural Heritage Site in Mt. Gyeryongsan National Park based on the Braun-Blanquet vegetation survey

method from September 2018 to May 2019. As a result of hierarchical cluster analysis, the forest vegetation was

classified into 3 vegetation units (Zelkova serrata - Akebia quinata - Kerria japonica community, VUI;

Quercus serrata - Callicarpa japonica - Carpinus cordata community, VU2; and Pinus densiflora - Prunus

sargentii - Fraxinus sieboldiana community, VU3). The indicator species of each vegetation unit were 12 taxa,

8 taxa, and 6 taxa, respectively. The result of the importance value analysis showed that Z. serrata had the

highest importance value in all vegetation units, and the result of the species diversity analysis showed that the

species diversity of VU3 was 0.939, which was relatively higher than other vegetation units. The result of the

CCA of correlation between vegetation units and abiotic environmental factors showed that VU2 had a negative

correlation with altitude, and biotic environmental factors had no significant correlation with vegetation units.

KEY WORDS: HIERARCHICAL CLUSTER ANALYS S, INDICATOR SPECIESANALYS'S, IMPORTANCE

VALUE, SPECIESDIVERSTY, CCA
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Ho|ck(Kim et al., 2016). FLZSHFARA|TL] A8 1
o] B84 s flto] A SLol]o SR ARIAE
of It = TR AXPL 8t e 3 S48
g B} o|FolAof ah, w5 Hat o] AHAgE A
U 24l ESAEE st 2|9 ookt S| A4
A5 et |7} o]FolAof StKKim er al., 2016).
Algih845m)S 7ol x|skar §lom #jibg Hof
A o] o] 2 FHF-O7 o|FofX] Aletolt}, Algatm Ty
HE S FTAL =] F g Al fRl A oo
1968 =53 252 AQFH FAEE U9 Aty =9
F-HojciKorea National Park Service, 2019). Al&EARS &
A e Aol 419 didel SAlo St SaEst
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o 23t ¢154(Choi and Cho, 2001), AE4E SSHAHAIE EA
i} =Avle] AIAA0] Tek AKim ef al., 2004) 5o
o}l Ao, 1PMte] A9, ABARTY WA AR 1A
o] ALZ(Lee et al., 2001)0] T3t A7} AL QA
ok, AIHARS] AR Aol gt At ZIsEA] ootk &
ShaRe} ZARe] ARo] T QAT 217} o]0}zl Folu]
Asit SUESHAIATE W =29 ARHCESIAL AL AlAh
of ApRlS Hlie Qs vIgelel HAHS AR U
& Aejd AT Wk vkt 72 AwE A
2t olck
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Z WAL 61.148km= =+7-A] 40.76%, &3A] 6.02%, ARA]
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1967yl olo] 1968 =3 232 AH "gAitolrt
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asl= EAS HeltiKorea Institute of Geoscience and
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Figure 1. Map showing the study sites of Cultural
Heritage Site in Mt. Gyeryongsan national park.
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F0 ARRAL AP Ao R U] SHZE
o} SIS ALp §4HOR FRME Bt ATRO M
2 A} AGAGAL} e HO R ARshe T AT}
olck. R QNS AL oFBkAsAIe} Ao R HRse
A} AR, B5H1E ALk FAROR URSH 83 A
TR, 22 RS SAORRE Wesiel A3t AA
HERsl] §RHOR TRSHs Ao AZF 5 5 AR
7 F47% WAgsha ik

AFEAE BN et 50| FURBGAAT
Fo ABATUTY ) AGEIAS B Qs AR
A9 FARBMAT FIRPTL, AT, AR
= ooz stk

2. OFRIZ=AL 3 B MY

2 = 2018 9URE 20199 54 Alolof] Algi=d
o FAL AL AleARe SRS ARAIAE W AEE T
o7 F 297140 PSS AEALE]EHA W (Ellenberg,
1956; Braun-Blanquet, 1964)0]] wa} ARzRE 2|5, 3k, AJe]
4 W Sof ofg] ARARllE Teslo] Agsiglon, 4]
AARgo] w2} 2ol FHshe 7 5| T (coverage)
of RS 2] S (dominance) Al F918E 7
B3lo] 3y 71Ssoln, AsAEs o) KE He ojt
of Aol uhe P(sociality) A 5& 24l WETo)
7] 20m x 20m = XS AEEReF 58S M4
Ex7(Lee, 2003), YFRIEI =7 (Yun, 2016) 7|&C0 & 3}
Fon, Z7IEFAEEE(Korea Forest Service, 2010a)1}
7MY EEA] A B A AE](Korea Forest Service, 2010b)&
Neom siyn Fme A

ABAIEY FALSGAIT ) ABERE Sls) 5t
R, Ak AR 2R % 297h40) AR S Erm
AlFA 35X (hierarchical cluster analysis, HCA)S 5}
o] ARITHE BRI 2 AFoE Aefeso] 257
ARSI Q= | ARAAAWH(Minimum Variance Method)
= ol83ISitk o] W B Y= (Ward's Method)olefal
% 5ju], Z1219] 73 24 SAolH 2 Aole] BAMS s
St 7] 2A9] o|2S HlEK(Everitt, 1974; Hartigan, 1975;
Orloci, 1967)0.2 slof TR0l W AR S5 2|4as)
e QI AR-o] Qloj(Ward, 1963) E Ao A= Al&A
TR 5 SRR] Wardis 851310, 70| B AT
£ Centroid A& ol-§sto] ATA R4S XIS
A FZ-E A (indicator species analysis, I[SA) £0] FH-0}
HIES 59 54 4750 54 18S ik o 4 ol
Ao thgt A=E H7I uff o]- &% (Peck, 2010), Dufrene
and Legendre(1997) A|#F5A41S ol8sto] A4 &

Aol A 9 5 Atk 7IeEs v 4 3
5139t} Dufrene & Lengendre’s method 2 AJ&4] 4] 54
oA Ak F9] Tl wet R ARFSE AES
Monte Carlo method= $~F9 X|F2A49] 4|14 S04
Aotk ARFERE Sl A AT
SEE9 AFAEE Hefsl] 9l AR S35 thde
2 Curtis?} McIntosh(1951)9] WS $-8510] AlHl=
(Relative Frequency, R.F.)Q} Atlja]=(Relative Coverage,
R.C.)E aMiet 2Q X|(Importance Value, 1.V.)E AAXSFA
o} E3F 7F 390l SRl Qs S I IE Eslo]
WES 3, ok 2, W 1, 2T 0.59] 7SS S9EE
Hojslo] PAAI- 4 %|(mean importance percentage, MIP)
£ ARESIAITh(Yim ef al., 1980; Cho and Lee, 2010; Lee
et al., 2010; Han et al., 2016; Song et al., 2019). Z} =53
of tigt thekd, AR 5= A flste] FHFEAIS
(Shannon and Weaver, 1949), Ztj&clofe, #A1=, S48
£ BA5to)(Brower and Zar, 1977) AT H-2 o]
BX519t). CCA(canonical correspondence analysis)S =
off ARl FEA] S QIANEALE, APHBARE, A3,
PAEEE, BEYeEE, YUITHN}e) A, Bes &
CRREEDE EREERIEEES ERUTSERDE
A, 28E BN, TEF W, ofnEF Ha
F25 Wil wsg WA,

A4, S B, BdEdE)
sfe] AAS Aektoln Awdew mers) Siajol
Bipolt cutoff R*& 0.2000.2 A5t AulE X% [, 2%0=8
eIt 82 SR 5 A2 ARV 1, Apdst
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= 2~57019] E8AH tist 1777] 428 ] 3¥4S4(indicator
index) %te] et pPke ARSI oM (Figure 2a), <41 F2
$ZF(Monte Carlo, p<0.05)2 =A== £29] 7145 YEt
W Aa(Figure 2b), 37]9F 5719] Fr@oz Qe o, 3
t p-value7} 0.508= 7P WA UePtA|et f-ogh 2|4
5 Tk 450 At R 2ekeRs TRAS o 26
Foz ¥ e et 3he) Feres sk A%
TREA O R Bl R AT A RSS2 A
(Table 1), AAYH] 19] X3EF-E =B, o592, sl
AR, SAV, AU RAUSE, SR UEE, wluE]yol, 7kt
TR, U AP, L2 5 1250R e, A
AYR] 28] AHF-E SRR, AR, 7R, SEPE,

U, S0 R, AR 5 8% = LE
WO, AAYEP] 39] AFEFLS ALpe, AU, AEFevy
I AT, SRR, IRUT 5 6502 O3 R|3EFo)
242} ey,

A2 FRREAHCA) T A3EF 24(18A)9] A=A 7
B ETY Sk AT W A S W05 -
ShliSlte(Zelkova serrata — Akebia quinata — Kerrvia japonica
community, VU1), EXHE AL 7R 82K Quercus
serrata — Callicarpa japonica — Carpinus cordata community,
VU2), SU-AMIUS- A ESF U2l (Pinus densiflora —
Prunus sargentii — Farxinus sieboldiana community, VU3),
Z 3709 e g BenQitkFigure 2, 3).

Avarage P-value

MNumber of clusters
(a)

significantindicators

Number of clusters

Figure 2. Result of indicator species analysis(ISA) from step 2 to 5 during the clustering process. (a) changes in p value
after 999 permutations of the Monte Carlo test averaged across 29 plots, (b) Number of species with p<0.05.

Table 1. Environmental factors of vegetation units

Vegetation unit 1 2 3
Altitude 216.4+60.5 118.7£16.5 194.0+64.5
Slope degree 10.3+£6.6 10.5£7.0 11.4+8.5
Topography 2.8+1.7 3.0£1.3 3.2+#1.5
Bare rock 30.6+32.4 13.3+19.4 11.0+15.1
Coverage of tree layer 82.7£7.5 79.2+8.6 83.0+4.2
Coverage of subtree layer 38.5+£22.7 16.7£12.1 29.5+13.6
Coverage of shrub layer 51.2£19.4 38.3+£20.2 57.5£22.3
Coverage of herb layer 38.3£28.2 41.7436.6 43.5425.6
Height of tree layer 15.6+3.1 15.7+4.1 15.4£1.2
Height of subtree layer 9.5+2.0 9.8+1.5 9.7+1.7
Height of shrub layer 3.2+1.1 3.1+0.5 2.7+0.8
Height of herb layer 0.5+0.1 0.3+0.1 0.4+0.1
DBH of tree layer 41.4+19.7 38.0<18.1 44.0£21.1
DBH of subtree layer 16.8£5.6 15.0+£3.5 19.3£12.8
DBH of shrub layer 3.0+1.1 3.5+1.2 2.9+1.1
No. present species 28.2+13.2 20.5+£12.0 23.4+7.0
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Figure 3. Dendrogram of the 29 plots of the forest vegetation on hierarchical cluster analysis. where, linkage method
used with Ward’s method and distance measure with correlation(VU1. Zelkova serrata - Akebia quinata
- Kerria japonica community, VU2. Quercus serrata - Callicarpa japonica - Carpinus cordata community,
VU3. Pinus densiflora - Prunus sargentii - Fraxinus sieboldiana community).
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2. E2XIEN

A= HEd TS ARAIE W
2 ujho R AIGRERE Fojol T Aol 2904
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ZQX|(I.V.: importance value)S A3t A7KTable 2), 1
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Aol e RE Agasel A e et
OIL QAR FEbA ZAE Alplale] AR SIA7L 2z

Aol IABHL, LELHR] AR AA} 2 Ak A
31 el ElRe] SR} RE AUl A
BRt 02 ARSI AR 19] B9, MBS g

UE(22.6), AUF(19.1), SRE(11.1)7F S8}t o

Table 2. Species exhibiting significant associations, based on indicator species analysis (ISA)

Scientific name (Korean name) VU IV"(max) Mean S.Dev p

Zelkova serrata (=EJU) 1 76.6 35.5 6.94 0.0002
Akebia quinata (259 =) 1 75.8 28.7 9.34 0.0004
Kerria japonica (3H)3hH 1 68.1 26.8 8.82 0.0018
Galium pogonanthum (A¥Z2-3) 1 66.1 28.8 8.51 0.0020
Celtis jessoensis (AU 1 63.8 28.0 10.31 0.0074
Lonicera harai (U7 U 1 59.6 329 10.25 0.0200
Cornus walteri (S 1 53.7 21.2 8.38 0.0034
Cardamine leucantha (RU2]Qo]) 1 534 22.1 9.31 0.0098
Ribes fasciculatum var. chinense (7MWY 1 47.5 22.5 9.31 0.0204
Stellaria media (‘HZ) 1 46.0 20.7 9.17 0.0214
Clematis apiifolia (AF)ZEH) 1 45.9 24.2 10.46 0.0492
Celastrus orbiculatus (:=2132) 1 38.5 19.1 9.03 0.0440
Quercus serrata (ZZUH) 2 89.3 35.3 9.58 0.0002
Callicarpa japonica (R 2 60.7 31.7 8.64 0.0096
Carpinus cordata (7FA81e) 2 59.1 23.0 9.62 0.0044
Asarum sieboldii (Z=2|E) 2 50.0 13.6 7.25 0.0050
Weigela subsessilis (FZU5) 2 33.3 11.9 6.18 0.0352
Corylus sieboldiana var. mandshurica (E7|4Y5) 2 33.3 11.8 6.25 0.0358
Pseudostellaria coreana (Z7)EZ) 2 333 13.4 5.78 0.0358
Polystichum tripteron (AAFAFE]) 2 32.8 19.5 8.53 0.0486
Pinus densiflora (2=4U5) 3 98.3 253 8.85 0.0002
Prunus sargentii (AFAUT) 3 60.6 30.1 9.55 0.0090
Fraxinus sieboldiana (21E3F ) 3 60.0 21.3 9.84 0.0036
Lindera obtusiloba (7345 3 60.0 21.5 10.04 0.0040
Quercus variabilis (Z7UF) 3 59.0 20.4 8.81 0.0032
Rhus trichocarpa (7§45 3 50.0 18.7 9.01 0.0046
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Table 3. Importance value of major species by vegetation unit

Species Vegetation unit
Layer Scientific name : Korean name 1 : 2 3 MIP
T Zelkova serrata e 22.6 32.5 27.6 12.0
Pinus densiflora AU 19.1 25.6 9.6 7.7
Quercus serrata G 11.1 6.0 16.7 5.7
Quercus variabilis = 35 21.7 4.8 3.2
Celtis jessoensis ZAE 9.2 - 2.4 2.4
Quercus aliena Rd A 3.7 4.8 6.5 2.2
Cornus walteri U 4.0 4.8 5.9 2.2
Carpinus laxiflora Aojug 5.5 - 4.2 1.9
Quercus mongolica Al 5.0 - 4.8 1.9
Diospyros lotus gL 3.0 - 3.5 1.3
Fraxinus mandshurica SV 2.0 - 1.8 0.7
Robinia pseudoacacia O7PA L 2.0 - 1.8 0.7
Acer pictum subsp. mono A2 1.5 - 1.8 0.6
Sophora japonica St 0.0 - 3.5 0.6
Cornus controversa U 2.7 - - 0.6
Tilia amurensis B 2.0 - - 0.4
Platycarya strobilacea Eses 1.5 - - 0.3
Fraxinus rhynchophylla B 1.5 - - 0.3
Firmiana simplex Hex - - 1.8 0.3
Quercus acutissima AU - 4.8 - 0.3
Populus nigra var. italica HE - - 1.8 0.3
Ginkgo biloba EoRSBACS - - 1.8 0.3
Total 100.0 100.0 100.0 46.2
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(Table 3. continued)

Species Vegetation unit

Layer Scientific name Korean name 1 2 3 MIP
ST  Zelkova serrata g 19.1 8.8 17.4 5.5
Acer pseudosieboldianum U 14.7 - 5.3 3.1
Styrax japonicus ]S 10.6 - 53 2.4
Carpinus cordata Viodl1a=y 11.3 8.8 0.0 2.0
Prunus sargentii AU 6.6 - 7.6 2.0
Lindera erythrocarpa SIRENBACS 5.7 15.8 53 1.9
Carpinus laxiflora AojuEt 4.8 - 8.7 1.8
Cornus walteri il BAn - 15.8 8.7 1.4
Celtis jessoensis EZAE 4.8 - 5.0 1.4
Fraxinus rhynchophylla EFUEF 3.2 - 5.7 1.2
Cornus controversa ==} 5.7 - 1.9 1.1
Quercus variabilis = 1.6 15.8 3.4 1.0
Pinus densiflora AL 4.1 8.8 - 0.9
Diospyros lotus U - 8.8 3.8 0.7
Acer pictum subsp. mono IZAE 1.6 - 34 0.6
Quercus mongolica A 1.6 - 34 0.6
Styrax obassia Z=uh - - 3.8 0.5
Quercus aliena A - - 3.4 0.4
Actinidia arguta ok 1.6 - - 0.2
Sapium japonicum AL 1.6 - - 0.2
Cornus kousa AR 1.6 - - 0.2
Morus bombycis AHEUE - - 1.9 0.2
Picrasma quassioides AEUE - 8.8 - 0.2
Akebia quinata o=+ - - 1.9 0.2
Quercus serrata ZE - 8.8 0.0 0.2
Euonymus hamiltonianus A - - 1.9 0.2
Sorbus alnifolia Ul - - 1.9 0.2
Total 100.0 100.0 100.0 30.8
S Kerria japonica shjj sk 14.9 1.0 14.7 1.9
Styrax japonicus LiES R 9.7 7.1 3.3 1.0
Acer pseudosieboldianum e 10.2 - 4.7 1.0
Callicarpa japonica RALAGR S 42 7.1 7.2 0.9
Zelkova serrata g 5.8 9.9 1.7 0.8
Ligustrum obtusifolium EA S B AT 4.0 7.1 5.8 0.8
Lonicera harai ZupZ R LR 2.0 3.8 72 0.7
Euonymus alatus SR 2.2 1.8 5.8 0.5
Akebia quinata oEY 1.2 5.3 5.0 0.5
Lindera erythrocarpa SIRENBACS 3.7 2.0 2.5 0.5
Rhododendron mucronulatum b=y 3.0 - 3.4 0.4
Prunus sargentii AP 1.6 6.3 1.6 0.4
Rhododendron schlippenbachii Az 1.4 - 4.5 0.4
Kerria japonica f. pleniflora =ds) - 1.8 4.5 0.3
Rosa multiflora ALt 1.4 1.8 23 0.3
Rhus trichocarpa U 3.0 1.8 - 0.3
Quercus variabilis e 2.5 2.8 - 0.3
Ribes fasciculatum var. chinense 7 0.7 1.8 2.7 0.3
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(Table 3. continued)
Layer Species Vegetation unit MIP
Scientific name Korean name 1 2 3
Rubus coreanus HEAE 7] 1.8 1.8 1.0 0.2
Fraxinus sieboldiana A EFEY U 1.3 1.8 1.6 0.2
Sorbus alnifolia U 0.9 4.5 0.6 0.2
Boehmeria spicata Z7 AU 2.2 1.8 - 0.2
Carpinus laxiflora Aojugt 1.2 - 1.9 0.2
Celtis jessoensis ZAUE 0.4 - 2.9 0.2
Carpinus cordata V1= 1.4 - 1.6 0.2
Quercus serrata ExUREs - 6.5 - 0.2
Lindera obtusiloba AT 0.9 1.8 1.0 0.2
Pseudosasa japonica oltf - 3.5 1.0 0.1
Stephanandra incisa e 0.9 1.8 0.6 0.1
Symplocos chinensis f. pilosa RSeS| B e 1.3 - 0.6 0.1
Others(39 species) 16.5 15.3 10.3 2.2
Total 100.0 100.0 100.0 15.4
H  Galium pogonanthum AL 15.9 12.7 18.3 1.2
Carex humilis var. nana 7F=l0sAR 2.7 15.2 2.6 0.4
Ribes fasciculatum var. chinense Zha R 3.9 - 4.2 0.2
Clematis apiifolia PNREIRSL 1.2 9.2 1.9 0.2
Akebia quinata o=+ 2.2 4.9 2.7 0.2
Sasa borealis Zg - - 7.5 0.2
Stellaria media Hiz 3.2 0.6 2.6 0.2
Lindera erythrocarpa SIREIBACS 2.8 1.9 1.9 0.2
Polygonatum odoratum var. pluriflorum  F=d| 1.6 1.9 34 0.2
Zelkova serrata e 1.1 3.5 2.7 0.2
Lamium album var. barbatum B gt e 2.4 - 2.9 0.2
Corydalis remota S M 1.3 0.6 2.9 0.1
Lonicera harai Zup7 AR 0.4 3.0 3.0 0.1
Calamagrostis arundinacea A= 3.0 - 0.8 0.1
Osmorhiza aristata AIAL 2.8 - 0.8 0.1
Cardamine leucantha |y o) 2.5 - 1.1 0.1
Quercus serrata ZE 1.1 0.6 2.5 0.1
Pseudostellaria palibiniana AHEE 0.7 13 2.4 0.1
Kerria japonica Sl 5} 2.0 - 0.7 0.1
Ligustrum obtusifolium FE 7 1.3 - 1.5 0.1
Acer pseudosieboldianum S 1.3 1.2 0.7 0.1
Corydalis ambigua QSN 1.5 0.0 1.1 0.1
Rosa multiflora AL 0.6 1.2 1.5 0.1
Athyrium niponicum N 1.1 0.6 1.1 0.1
Ainsliaea acerifolia A 1.4 - 0.8 0.1
Pseudostellaria heterophylla NEE 1.3 1.2 0.4 0.1
Celastrus orbiculatus el - 2.5 1.1 0.1
Duchesnea indica 7| 0.9 1.9 - 0.1
Stephanandra incisa e 0.6 1.3 0.7 0.1
Styrax japonicus =SB AT 1.1 0.6 0.4 0.1
Others(119 species) 37.7 343 259 2.6
Total 100.0 100.0 100.0 7.7
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Table 4. Species diversity indices according to vegetation unit

Vegetation unit H' Hmax' J 1-J'
VUI 0.916+0.181 1.411+0.179 0.645+0.073 0.355+0.073
VU2 0.785+0.222 1.256+0.219 0.615+0.071 0.385+0.071
VU3 0.939+0.158 1.347+0.151 0.695+0.074 0.305+0.074
*Shannon’s diversity index uses logarithms to base 10
4. YX|2HBate| St 2
ARSBERE Bl THE APITIRIR} QXA (A 1 - - i
4] SR, e Frhete] ARAE vl | . &
23l CCA ordination'Hof| 2Jgte] BA5H Ayls 217+ 1537 0 . Cfp,:%si‘ns 5
220] ek gickFigure 4, 5). AgRolel FEE| SR} o “ou s ° :
G, A, APHAAE, S4ed)e] A= Biplot £ . . "

cutoff R%, 0.2000.8 sjo] B8t A} 15(63.3%)7 2=
(30.0%) o= LERAICE ATl 2= s 20 A
£ 7P A%E Hlom, the ATl ofgt At
UFERLER] itk AEeheier =4 S (alsS Alals,
ohES AlulE, WES AulE, 2T AU, 155 L

= =
= b = A = = 2~ = &
OhLES 43, PEE 4, 2EE 431, BEE FuH,

ohusZ FAAE, IR FaA, BoEAT) e AR
L Biplot cutoff R*2- 020002 o] B35 Ak 15(72.9%)
I} 25(42.7%) 05 bl Ai}, ARYEele} a2 egeIRiet
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AA A g ARE ARkof|A] 7 7E Aldelk <77 5 <19
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Figure 4. Canonical correspondence  analysis(CCA)
ordination diagram showing vegetation units in
Mt. Gyeryongsan cultural heritage site and
abiotic environmental variables(Altitude; AL,
Topography; TO, Slope degree; SD, Bare rock;
BR) against axis 1 and axis 2 (Cutoff R%: 0.200,
W VUI, O: VU2, A: VU3).

Figure 5. Canonical correspondence  analysis(CCA)
ordination diagram showing vegetation units in
Mt. Gyeryongsan cultural heritage site and
biotic environmental variables(Coverage of
shrub layer; CS, Coverage of herb layer; CH,
Height of tree layer; HT, Height of shrub layer;
HS, DBH of tree layer; DT, DBH of shrub
layer; DS, Number of present species; PS)
against axis 1 and axis 2 (Cutoff R”: 0.200, H:
VUL, O: VU2, A: VU3).
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