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ABSTRACT

In this study, thirty-two stands in Kwangnung forest located in the central part of
Korea wcre preferentially selected. In each stand, all stems for trees and shrubs werce
recorded by species and their girths were measured down to 5crmn. In addition, several
environmental factors such as field soil pH, field soil moisture, soil compressibility,
depth of so0il, thickness of litter layer, elevation and bhasal area were measured. Three
s0il cores were sampled and various physical and chemical properties was determined.

The vegetational data were subjectad to three kinds of multivariate ordination (FO,
PCA, RA). The results suggested that Kwangnunz forest was consisted of three forest
types: coniferous, mixed and bread leaved forest communities. The relation between
the stand scores of ordination and several environmental factors were investigated in
terms of corrclation analysis in order to examins the relationships between the vege-
tation and certain emvironmental factors. As a result of this analysis, the amount of
sand content i A; horizon decreased from the conilercus to broad leaved forest, while
maximum fleld capacity, pore space, exchangeable cations, loss on ignition, soil pil and
the amount of total nitrogen had a tendancy to increasc significantly, However, casily
soluble phosphorus appeared to have little to do with the forest types.

The result of species ordination of centered-standardized PCA suggested that the
major successional pathway in Kwangnung forest was; Pinus densiflora~+Quercus
mongolica, Q. serrata, Q. aliena—Carpinus laxiflora—C. ¢rosq in sequence. This trend
is in good agreement with the past studies. In three kinds of ordination (centercd
PCA, centered-standardized PCA and RA) based on nineteen species and twenty-five
stands, the total variances accounted for the first three axes were 779%, 46% and
63% respectively. The estimated beta diversity in Kwangnung Fforest assumed as a

coenocline, was 1.5~1.§ HC. Increasing the effect of the sampling errors on ordination
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perfermance, this low heterogencity seems to cause the poor concentation of the total
variance. The results from the four kinds ol ordination were in good agreement with
each other, espscially between PO, centered-standardized PCA and RA appeared robust,
It scems to be worthy of applying multivariate method for analyzing other forest

commuinities in Korca.
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Fig. 1. The study arca: Kwangnung Experimental Forest snowing the position of the thirty-

two sampling sites.
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Fig. 3. Ordinations of twenty-five stands based on nineteen tree species in Kwangnung forest
by four techniques: (a), RA; (b), centered PCA; (c), centered-standardized PCA;
(d), PO. @, stand in broad leaved forest; (O, stand in mixed forest; B, stand in
coniferous forest.
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Fig. 4. Distribution of nine environmental wvariables on the I/I plane (first and second
axes) of RA stand ordination of Kwangnung forest,
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centered PCA, centered-standairdzed PCA and RA
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Fig. 5. Distribution of nine tree species on the [/l plane (first and second axes) of the RA
stand ordination based on mineteen tree species in Kwangnung forest.

Table 5. The scales representing the abund-
ance of tree species onthe [/
plane(first and second axes) of RA
stand ordinatiomn

Class Range of X value(%)
6 60~100
5 40~60
4 20~~40
3 5~20
2 1~5
1 0~1
0 -—

F gk AR, FRUE, AZUEEE
A 1EEel 53 vetvz ded, &5
o FegAUAT, FLAFIT 52
gdFYst 249 stando] T2 HTstn
oo

Species Ordinations. Fig. ¢ < 10 o] ¥
& PO,centered PCA, centered-standardized
PCA, RA F¢] 4714 species ordination
274F Az L2Fd 9% /1% b
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Fig. 6, Ordinations of nineteen iree species in Kwangnung forest by four techniques: (&)
RA; (b) centered PCA; (c¢) centered-standardized PCA; (d) PO.
1. Pinus densifiora 11, Sorbus ginifolia var. typica
9. Pinus koraiensis 12. Rhus trichocarpa
3. Benzoin obtusilobum 13. Acer pseudo-Sieboldianum
4, Carpinus erosa var. koreanum
5. C. laxiflora 14. Euonymus Muoackii
6. Castanea crenata 15. Kalopanax pictum var. lypicum
7. Quercus aliena 16. Dendrobenthamia japonica for. typice
8. &. mongolica 17. Styrax obassia
9. Q. serrata 18, Fraxinus rhynchophylla
10. Stephanandra incisa 19. Viburnum erosum var. punctatum
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FAG o]t
Fig.6 o] A = A w37} species ordination 2 7o v) & & o gko] & 1}elut gl ek, Ceatered-
standardized PCA (Fiﬁr 6c)E eAbEr A 371-R12] species ordination A & 4 )
Fig. 6a,b,d), FIHES EES A 129 &% 228 d55 9o, o]z L abun-
”‘"] Fo g dZolete AL 44 € 4 9rh. #%53] centered PCA
EalS N

¥ dominant outlier (Whittaker and

dant species ¢l
(Fig. 6b)ef Z 7 —‘é: 5 o, ZARA] o fell A 9
Gauch, 1978) etz A Z= ok 28]} centered-standardized PCA (Fig. 6c)¢ A= £ &

%% molA gu, BE @E

—

r—?'J

o] unit variance 2 standardlzahonEJ, 37 o o] i
o] 1,25 kel TE3 HAtkz dor, A 1&Fkd49 & 8 WE A=A JaEEMl
A9 BBAAL FAT F dgth FAY T (R, 1958; £, 1976) 9 species ordination
AN FBHhd AL EE S22 FBAA L ol e o] 2AsIE A (Table 6).

Table 6. Successional trends of the major tree species in Kwangnung forest

Tree layer:

T 7 TQuercus mongolica
Pinus densiﬁoraﬁl:Q. serrata}—ﬂarpinus laxiflora—C. erosa

Q. aliena

_Stg_btrec apd shrub layer:

Sorbus alnifolia var. typica [ Stephanandra incisa
Rhododendron mucronulatum _,| Rhus trichocarpa —| Benzoin obtusilobum
{Lespedeza biocolor var. japonica Viburnum erosum var. punctatum| Ewonymus Maackii

Dendrobenthamia japonica Acer pseundo-Sieboldianum
for, typica var. koreanum

Fig. 6cel A, A 1F AN AvhFe A7 drRelA o7k e 2&0 2 4937 AL,
AErl R E stand o] A o} HIESHE common species o] 7] o] Fo| ¥ (Gauch, 1977), 4A
EHARY £4F el Ao stz FHHch &U976)S NpEMAL EEE HEE
#a EERE 579 G T4, %i&ljr-tr'—ﬂ *7“']'7-11?% BN A WA ‘-’]‘E}")r'ﬁ]-l _.J_
zZ5 e, B 04104 species ordination 2 E dd= AT :d:;;:»]u,—-—ﬁlxlu}
AR B BT e A 2 a‘cfs*ﬂio %fﬂ- AAY AS(FALLRAE A, 1959)
T B o Fel A 2AFE & stand A BER R 4vHF, 3 F, A9 59 @A
e AHE o, AIFE 4Ry TAFe g AVFE AT E Ae] ole}l, £ F
= o2 g9 pathway 2 25 =5 AWTE dAH 7tebz 4=t gak &

WEE 2F8d ¥ $8% Ad0A £FTE A4, EEEd G £53% AX
23 g3 Bo| WESE Rz v, FFBUTE T AUFoAYTEY FBS
2o 2FAEE 290 e Aoz 2595, T, AT, AN B
Ae #ET ASAE 942 £ 9oz 440

Gauch(1977) % ordination performance of & 3-8 v] Al 3= of 2] 2.3l rholl 4] beta diversity,
sampling errors, outliers, disjunction 5-& FEedes Ex gty ol ez data set
9} beta diversity 7} Z7+8 4 S ordination performance 3= #A A5, 1 A =& ordina-
tion Wil o] whel & Aolsb gl8-o] w8 & vk (Gauch ef al., 1977). F PCA T beta diversity

o 747 G725, PO, RA S JEo. 2 beta diversity 8 G %g @ wikvh Fusel
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e o o Fer] @ Foll, ol X8 beta diversity = W oA F Aoz ddsty ot
coenocline € 7}A# ¥t primary data matrix o] A 54 4 (Pielou, 1975) YeEEke] beta diver-
sity & 1.5~1.8HCel E33tdivt. ol AL Bk AA"Ao] 4X8kme] EFHGz, =
3 BHE Rkedst F3AZY] W Eolst Adch JEERS & beta diversity 2
F-o] % uf], heterogeneity 7} ordination performanced] v|Xj= &g, B o= A

T A st = @ Ao th. Sampling error 7} Z4-& ordination performance 7} | 3}= o}
E 78 hed g} EErel ), sampling error = beta diversity & B8 o 2 {EH3}e] ordin-
ation performance o] & @ &L vzt Aol B z=E g (Gauch ef al., 1977), & heta
diversity 7} %o}d 435, ordination performance o] =] sampling error ] o 3k-2 ==
ARk A& dTol A9 sampling error = 25% A2 F4H ¢ .o (Pelou, 1975; Gauch
et al., 1977), coenocline & 7} & &L J:5E#9 beta diversity & 3HC = AL =), sam-
pling error o] 2] &} sequence reversal 2 ordination ¥l o] wa} 25~35%¢] w3 vt
(Gauch et al., 1977). & A7l A& 2 ordination Z 7}ol A total variance 8] = F
o] v 24 Yok 2 BES o] %E, 22 beta diversity o] 4ks o] ordination perfor-
mance ¢ ©] %] & sampling error & o gFo] FrlEglr] # Felelxz FEHvh HulEoz
centered PCA & Bp#t3: PO, centered-standardized PCA, RA F9] A 717 ordination 3Hy
B bEERES] Sfd e ASAFE etz AR, o] Aol g g A
Fich ofe] Wye AAE FJA ez SEstEEA, KEHKS Bd WHE JEdgpe s
o #AE Bef 483 ol g & etz QA K ZAlA A @ e preferential sam-
pling A#be] grid 2 F|A3F random sampling T+ systematic sampling -2 A3 3224
Breh o AdAe AAE 0T F e Aotk & 2AA 2HT REFA @A, EX
2 g oru] B (Pemadasa and Muller-Dombois, 1979) %% =33le] d-rst==x, =it
cluster analysis ¢} 7-& k& ordination Wil 3 FEESe] BRI 2, ZAAAAY 45
TR G gLl Aolee] FAE F o FEHLE AT + Y& Aotk o
Feo A= ATAAA oA e, A FFHY Ay == FEHH 291 B
G374 HER, Z2AY il A AAL A% FHiEoEA, GHT SE st TH
A FERE & glem (Green, 1980), ol=gt ke &F F, @5 A4 4 HFK B
#9) Gz a44Y Aer A4t

2

i &=

A7 E YK A 2 AEdA T REE Bmoez, 377 o<~ ordination methods (Folar
ordination, Principal component analysis, Reciprocal averaging)$ #R% A=, JEEHARTRES 3
g8, 49, B9 3714 FHBoez TFILAGD. £ FidN WET 2 AA2LE,
stand ordination A+ <}e]%l stand scores s} ARLLAL Az B A, A45EAA FdTien
ArE gok mEdAY BHLIREe Fadts dxl, AdErwE, F5Y, ARY Fold, FELA
%, 2ok pH, 22 4%k TL WS oAl Srlst A4S B v}, centered-standardized PCA 9
speciles ordination 7 el 4 23 3 B R TS5Y TE BB & F-40F, T3
= Aal TR ona a5 Held o, ol e dF Asle e A 197, 25
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49 data 2 A# % 3717 ordination(RA, centered PCA, centered-standardized PCA)el 4], #H &

3 5ol &% total variance o] #FEL £4 63%, 77%, 46%0) ¢lcl. Coenocline & »}7 %+ primary
data matrix of 4] 374 5 J5EEFke] beta diversity & 1.5~1.8HC o] ¢ 0], o]7lo] 22 heterogeneity
+ ordination performance o] =] sampling error 8] d5k2 57145 2 s total variance 8] & &
To] wobAl A Feh. X edTo] 4 A9k PO, centered PCA, centercd-standardized PCA, RA 5.9
4 7}7 ordination method & vlm= dx]a 235 Welfod, #3 PO, RA, centered-standardized

PCA Zo ehds EA4L 5 it B A< g 58 HAFEY S92 2454 ez 4243
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