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Table 1. Floristic composition of Pinus densiflora for. erecta forest in the 5 study areas

F2HYYA ABDAE

1. Vaccinium koreanum community

1. Rhododendron micranthum community

M. Quercus dentata community
[i-A. Festuca ovina group

M-B. Robinia pseudoacacia group

II-C. Typical group

V. Acer pseudo-sieboldianum community
WV-A. Hydrangea serrata for. acuminata group
W-A-1. Carex ciliato-marginata subgroup
N-A-2. Acer ginnala subgroup

V-A-3. Typical subgroup

W-B. Disporum smilacinum group
WV-C. Magnolia sieboldii group
-D. Carpinus laxiflora group
I-E. Typical group
V. Typical community
V-A. Melampyrum roseum group
V-A-1. Typical subgroup
V-A-2. Quercus variabilis subgroup
V-B. Typical group
V-B-1. Quercus variabilis subgroup
V-B-2. Typical subgroup
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ZAFFUAA S A-AAN F71ESS AAT F 0~20
cm® Zolol EGAIRE AF st TFAE F1kgE T
o 4¥4Z $A WA FAAND F 2 mmé} 0.02 mme)
AE FHNA B4 & ASE LA EAL vFAY
o2 ZFsgon, ERIEE FUANE 10 g &5 F
4 50 mlZ RBHH(: 5y e $ 1A WA $ pH-meter
(Philips pw 9418)E A3} sttt FEJAS Lan-
caster} & A}E-3lod -t (Shimadza UV-120-02)8 A}
43l SAFAT g2 AAdLAE T ESS o] 8319
AEAE-E4 7](NCS 2500, Fisons Instruments S.P.A, Laly)Z
2A3519t) oFo]-& X322 CEC) Brown's Method 2 &4
9T, NBA ko2 = Ca¥', Mg" S EDTA AAYO 2
ZA48A

Ordination 71'§& H&3te] AEALZ S FAWPCR
THE B 19 16718 AADHe s} & o FAFHLE
AN FHHG BHLAHY AABAE AESH] H8td PC-
ORD =& 73 *}o] CCA(canonical correspondence analysis) ®
e ol &g, CCA 4 & volHe 9 $24E
main matrix2 39, A2 UL second matrixE ¢ & 3]
43

Zt ZAAGE, 98 F9 ARAEE F9s5t] A3t
o AAFAAN AL A5E EPE Curtis®d Mclntosh
(1951)9) W& $83 = QX(.V.: Importance Value)E
Azt 2, Curtise) Mclntosh(1951)5 A A2 g
9 SR, Fuhls R ANSEE §8 FoXE A
gt P AHA F2EE B AEH U
S IIHAAT, F2AE BEHE FT HEA A T
AY BLE YL F MY JNZEE Fohel £AE 3
4% 9l Z 2 (Bray and Curtis 1957), 2 EA}3]8a wphg o
E A $EEATS FAEEYY FYAE ey
ANSACE AAstg (B 5 1979, Dierssen 1990), %=
T ANEE Adetd 98 FASY ARAE g
AEH B4 AAsIH

A, AFE 7t 2o g g, 2=, A8 5
& ¥4317] st Zohokx A 4x(Shannon 1949), HhEth
e, FAE, FAS FEAATS FUHAAA T (Herlbert
19718 4519}t Brower and Zar 1977).

Sprensen®] FAAF(CC)E o3t ZAIA 7Y #
FHAIEE 245 o m(Brower and Zar 1977), 3§ /A
29 oA BH e FARl T A3 7o) A1 TA,
£ FA A Hpositive association), 4 2 FHnegative asso-
ciation), 7] 3] 4 (random association)e} #A| S 712 & 9o
HE, 227 A UEld T3 A EANS S B RoA
EAT Y ETE SH0E 458 AAsH, 2x2 28
Eol o3 Chi-square(y’) test2 7+ £ A37he) ARTA)
e Astod Chisquare(y’) FLEES FAstT, oA
7} s 22 AN AREES 1% $EH % $EOR

i

FAEYY 72 28

TRty Z714 % (interspecific  association)s ¥4 3Ht}
(A & 1997, Agnew 1961, Ludwing and Reynolds 1988).

e R

CCA(canonical correspondence analysis) ordination

Greig-Smith(1983)9} Ter Braak(1986, 1987)+ ordination®]
Ezo] A9 T2 3T ZHANAN A3 BAF
S&Le g 7HS f23 ve Aolg slen, 4
AL @789 wat 1 77t g, mEbA
ordination M ES 3 /| T I o9 ATH 7uf
of igste PR T data setf| N FEE AE £
Apgolaty B 4 Utk (F 1992, Goodall 1963). CCAE
%3 3479 JBBAE WL @7olo] BE F9 wh
SOl dg 58 FTASE A Y5t AHEEHo gt
(% 1992, 1995, Allen 1988).

Fig. 13} Table 2= CCA FEO 2 16719 HEREA S 15
Mol BERTFENE, AY, 4L k9, 2, 1AL FE, pH,
FEQM, B, FA, ONE, & ol 2%, Zg, 1

M)A GRS LBTe] fstd, 4EALS ey

oA EFE 16719 AATH-RZ TR 35} 1867 plots
o) RIS main matrix, 157)9) BIEERL second matrix
Z 3193, Biplot cutoff R*= 0.12, Vector scaling< 200%%
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E, $394, 24, ot 4, 234004 A4, 82, ON
£, 35494 A, k% 59 #7429080) £ 4
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Ago] Al AR SAREOZ 24 Po| R }E 7
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AAEURZSAATY DS mRd e v
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ZAA G (2, S5 ASAL 24, AviahY 29
W 2 AFE ggg Astd AARAA dE 28
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Fig. 1. Canonical correspondence analysis (CCA) ordination diagram showing vegetation units and major environmental variables (arrows)
against the axis 1 and axis 2 (above) and against the axis 1 and axis 3 (below) (Cutoff R value: 0.12; Vector scaling: 200%; Vegetation
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Table 2. Correlation with second matrix (environmental variables) by Pearson and Kendall correlations with ordination axes
Axis 1 2 3
Variables r 1-5q tau r 1-sq tau r 1-5q tau
Topography -.816 666 —-.682 - 318 101 -.365 400 160 321
Altitude .005 000 -.099 -.902 814 —-.671 248 061 157
Slope =313 098 -.193 -.012 .000 -.025 —-.141 .020 -.194
Bare-rock 182 033 206 -.135 018 -.119 -.363 132 —-.296
Sand .188 035 106 010 .000 041 -.141 020 -.105
Silt -.043 .002 -.018 026 .001 .004 125 016 107
Clay -.363 132 -.237 -.061 .004 -.104 133 018 071
pH 210 .044 048 091 .008 039 236 056 179
A. POs 455 207 356 -.302 .091 -.175 219 048 151
Carbon 324 105 188 - 416 173 -.279 161 026 130
Nitrogen 391 153 235 - 289 083 -.205 243 059 179
C/NN 046 002 036 —-.650 422 - 423 —-.006 .000 -.022
CEC 134 018 082 116 014 .092 071 005 051
Calcium .559 313 353 113 013 A18 616 379 434
Magnesium 393 154 309 332 110 184 557 311 405
Table 3. Importance value of major species in the study areas
Species Layer
Site Total
Scientific name Common name Tree Subtree Shrubl Shrub2
Pinus densiflora for. erecta 245 95.20 31.03 6.13 1542 147.77
Quercus mongolica AT 2.18 37.01 6.55 8.04 53.79
Quercus serrata 3T 0.63 6.66 133 228 10.90
Quercus variabilis ZF}E - 5.16 122 4.09 10.47
Fraxinus rhynchophylla EFG U - 1.02 1.16 3.96 6.14
Sokwang-Ri Carpinus laxiflora MoyE - 332 1.29 1.07 5.68
Acer mono AZAUR - 1.10 0.21 0.40 1.72
Rhododendron micranthum gy - - 6.62 695 13.57
Vaccinium koreanum A T L} - - 1.26 0.40 1.66
Others 1.99 14.70 74.23 5739 148.31
Total 100.00 100.00 100.00 100.00 400.00
Pinus densiflora for. erecta AT 92.76 47.04 4.8 - 6.82 151.48
Quercus mongolica ANZGF 1.18 24.09 11.79 8.88 45.94
Quercus variabilis G 2.35 9.62 3.96 3.54 19.47
Acer mono T2 - 2.50 1.08 0.97 455
Fraxinus rhynchophylla EFYIE - 2.06 1.1t 0.62 3.79
Mt. Eungbong Quercus serrata 34T - 1.37 127 - 2.65
Betula costata AA LT - 0.49 0.11 0.33 0.94
Vaccinium koreanum Ay U B - - 4.04 4,08 8.12
Carpinus cordata 7R e g - - 0.21 - 0.21
Others 371 12.83 71.57 74.76 162.85
Total 100.00 100.00 100.00 100.00 400.00
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Table 3. continued

Species Layer
Site Total
Scientific name Common name Tree Subtree Shrubl Shrub2
Pinus densiflora for. erecta A 92.40 41.01 233 0.79 136.52
Quercus mongolica ANZ3E 253 31.88 1093 3mn 49.06
Fraxinus rhynchophylla EFEur - 4.60 123 0.95 6.78
Betula costata AR - 1.40 0.82 0.34 257
Acer mono IEHYE - 1.80 0.24 0.34 238
Rhododendron micranthum mERe - - 722 12.57 19.80
M. Chungok Vaccinium koreanum Akl e - - 277 0.61 338
Quercus variabilis et - - 1.74 0.52 226
Acer ukurunduense AT - - 0.48 0.69 1.16
Kalopanax pictus LU - - 0.43 0.34 0.77
Others 5.07 1931 71.81 79.13 17532
Total 100.00 100.00 100.00 100.00 400.00
Pinus densiflora for. erecta R 96.27 63.79 592 2.55 168.53
Quercus variabilis T 1.24 3.89 377 2.58 1148
Pinus thunbergii GBS 249 - - - 2.49
Robinia pseudo-acacia OF7FA - - 11.89 7.54 1.48 2091
Quercus dentata HZ2uF - 2.60 4.52 9.90 17.01
Alnus hirsuta EoUE - 13.93 1.24 - 15.18
Uljin Quercus mongolica AZGE - 1.30 437 1.89 7.56
Quercus acutissima A v - 1.30 0.67 0.38 235
Quercus serrata e - - 5.67 9.35 15.03
Rhododendron micranthum B2 - - 0.93 - 0.93
Alnus firma Ao - - 0.13 - 0.13
Others - 1.30 65.24 71.87 138.41
Total 100.00 100.00 100.00 100.00 400.00
Pinus densiflora for. erecta AT 96.66 11.09 0.92 128 109.95
Quercus variabilis Ex e 1.67 520 230 257 11.73
Quercus mongolica A5 - 30.98 11.39 793 50.30
Fraxinus rhynchophylla Exgur - 438 1.07 0.72 6.16
Carpinus cordata 7 e - 5.66 0.15 - - 5.81
Quercus serrata 32U - 298 1.38 L1l 547
Mt. Kumma Acer mono IZHYT - 3.74 0.93 0.55 522
Acer triflorum 2171 - 2.57 0.61 0.55 3.74
Tilia mandshurica ZIUF - 1.29 - - 1.29
Vaccinium koreanum AT - . - 541 745 12.86
Others 1.99 14.70 74.23 5739 148.31
Total . 100.00 100.00 100.00 100.00 400.00

of o5 FEE AT YA T ASES AT Aatq HFAE 7 Aotk FUFF Aske A
59 A F7e £48 BGd) ddte, 44 £ dsle FF2E AZE Y Ei(Loucks 1970), 5870l
ApA) 20l 4] Shannon's diversity(H'), #th T F = (Hmax.), 3 o]dF oL EReAY F4H o] TASA HE F

A=), FHEAD), FEB(AD, FHEB(-4D)E £ Frv FoRA @t (Krebs 1985, Barbour 5 1987). F 0
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Table 4. Values of species diversity indices in study sites

39499 4472
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Site H H'max. J 1 4 1- 44
Mt. Kumma 0.7853 1.3607 0.4205 0.5795 0.2724 0.7276
Sokwang-Ri 0.7014 1.1968 0.4110 0.5890 0.2669 0.7331
Uljin 0.6622 1.3602 0.5175 0.4825 0.3698 0.6302
Mt. Eungbong 0.7357 1.3265 0.4442 0.5558 0.3094 0.6906
Mt. Chungok 0.6840 12279 0.4419 0.5581 0.3000 0.7000
Table 5. Values of species diversity indices in each vegetation unit
Unit H H'max. I 1-J ap 1-4,
1 0.7396 12553 0.4142 0.5858 0.2765 0.7300
2 0.6776 1.1015 0.3842 0.6158 0.2904 0.7096
3 0.6727 12314 0.4507 0.5493 0.3386 0.6614
4 0.6864 1.3606 0.4978 0.5022 0.3486 06514
5 0.6633 1.3562 0.5148 0.4852 0.3682 0.6318
6 0.6906 1.4166 0.5182 0.4818 0.3595 0.6405
7 0.7298 1.4595 0.5084 0.4916 0.3385 0.6615
8 0.7532 1.4811 0.5006 0.4994 0.3274 0.6726
9 0.7868 1.4967 0.4829 0.5171 0.3056 0.6944
10 0.8312 1.5069 0.4531 0.5469 0.2686 0.7314
11 0.8826 1.4842 0.4053 0.5947 0.2111 0.7889
12 0.8317 1.4229 04143 0.5857 0.2332 0.7668
13 0.7047 12120 04125 0.5875 0.2644 0.7356
14 0.6621 1.2057 04518 0.5482 0.3116 0.6884
15 0.6931 1.2390 0.4405 0.5595 0.3135 0.6865
16 0.6874 1.2405 0.4461 0.5539 0.3177 0.6823
Table 6. Community coefficient of similarity in the study areas
Mt. Kumma Sokwang-Ri Uljin Mt. Eungbong Mt. Chungok
Mt. Kumma
Sokwang-Ri 0.6308
Uljin 0.4609 0.4629
Mt. Eungbong 0.6245 0.6510 0.4790
Mt. Chungok 0.5843 0.6324 0.3898 0.5344
FEAFE AT v ] FAE AN $HET & d ALE AAHUAL $HEE 05HIR 2~3F0] +3
e a%d FERG SAEI RS O4d 59 okl 8T Ytk ZAA D 24090 lolA Zzte £
Z 7% = v} (Ellenberg 1956), Whittaker(1965)= -+ =7} 0.90] AL 032 UEEH, o2 g A o)(1995)9 +4

Addel 15, 0.3~07Y o 2~3%, 0.30]81Y ) T
°l $AEE )BT AT B RAAGE FUYEASF

2 3 &0} 066222 7HA By, AL R E
0.7111943 UElgto s, AT E SUIE AT QAR
07 W92 JYepgtoy, oy U2 e
9 103 MAUFEZAAGS 1), AFFEATY 12)9

Ay FUgEAST} 0801402 A teksted, ok
ARE AR L9 QY 2AFHL AT Q) 9E

UR-dol g FUREAAF7E 0701322 vehd R ¥l
3 43 w2 Folh
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2] e 2

23 & ARG a9l
FUAA ] AL Aoz AR
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Pinus densiflora for. erecta; Pd

Rhododendron micranthum; Rmi

++  |Smilax china: Sc ++ (——): Positive or negative association at 1% level

+ |{++ |Quercus dentata, Qd + {-): Positive or negative association at 5% level

+ |+ Vaccinium koreanum; VK

Magnolia sieboldii, Ms

++ |Carpinus laxiflora, Ci

++  [++ ++ |++ [Acer pseudo-sieboldianum; Ap

++ ++ |+ |++ |Lespedeza maximowiczii, Lm

++ [+ |+ |+ |++ |+ |++ |++ Fraxinus rhynchophylia; Fr

++ ++ [+ ++ (++ [++ |Stephanandra incisa; Si

++ |+ + ++ ++ [++ |++ |++ |Weigefa subsessiliss Ws

++ |+ |+ ++ [+ [++ [++ [++ [++ |Styrax obassia; So
N + ++ 1+ |+t 1+ |+ 1+ 1Acer mono, Am

++ ++ M+ |+ [+ |4+ [+ [+ [Cornus controversa: Ce
++ 4+ [+ [ + |+ Quercus serrata, Qs
s Quercus variabilis, Qv
= — = |~ |~— |— - |- |- Rhododendron schiippenbachii, Rs

PR NN R T el ol e S S T S S e ++ |Melampyrum roseum; Mr

| | — +  |Quercus mongolica; Qm
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Fig. 2. Complete Chi-square matrix for 24 species in the study areas.
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Fig. 3. The species connected by line were positively correlated as determined by application of the Chi-square test.
The shortened words in circles indicate each species in Fig. 2.
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Quantitative Analysis of Vegetation Types
in Pinus densiflora for. erecta Forest

Yun, Chung-Weon and Sung-Cheon Hong
Department of Forestry, Kyungpook National University Taegu 702-701, Korea

ABSTRACT: The objectives of this study were to classify quantitatively vegetational types of P. densiflora
for. erecta forest. The results were summarized as follows. 1) According to the canonical correspondence
analysis(CCA), variables such as topography, altitude, available P,Os and Mg"" were highly correlated on three
axes. Based on the correlations between vegetation units and environmental factors, Rhododendron micranthum
community tended to be more distributed in the such situations of high altitude, upper topography, high C/N
ratio, low level of Mg®" and Ca”™". Vaccinium koreanum community tended to be more distributed in the such
conditions of high altitude, upper topography, high level of Ca’™" and Ma”™. 2) According to the results of
importance value analysis, Tree layer and Subtree layer in study areas showed high IV along with P. densiflora
for. erecta, Quercus mongonlica, Q. variabilis, Q. serrata, Fraxinus rhychophylla and shrub layer indicated
that IV of P. densiflora for. erecta in Sokwang-ri area was higher than those of the other areas. Therefore,
it was considered that P. densiflora for. erecta forest of Sokwang-ri area could be naturally regenerated. 3)
According to results of species diversity, the species diversity of Uljin region showed the least low value as
0.6622, other regions appeared about 0.7. In the diversity by vegetation types, Acer pseudosieboldianum
community showed high value. 4) According to the analysis of community similarity, Sokwang-Ri region was
lowly correlated with Uljin region, while the index among the other areas appeared above 0.6. 5) According
to the analysis of interspecific association, it was divided into 2 groups. The species of first group were mainly
involved in character species, and the species of second group were involved in differential species groups.

key words: CCA, Community similarity, Importance value, Interspecific association, Pinus densiflora for.
erecta, Species diversity, Vegetation

291



