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Application of ordination techniques to the primary forest
of Piagol valley in southern Korea
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To eluc1date ecological space, the spec1es stan’i" and 'p’aysi‘cal eﬁvironment of Piagol
'-prlmary summer green forest were determmed m ‘terms of* stem number basal area, and
coverage of 68 vascular plant species from 40° qaadrats Wlth 5><20m size.” From each’
quadrat 3 to 5 soil cores were collected. Soil pH, field capacity, exchangeable K, Ca, Na,
easily soluble P and loss on ignition were also;determined. Depth of mineral soil and
litter layer were measured. For eac}t sampling site, elevation and aspect were described.
For the species and quadrat(stand), composite value was calculated by dividing the
total of stem number and basal area or coverage of each shrub and tree by 2. After
successive refinement, secondary data matrix with 18 species by 26 stand was subjected
to-reciprocal averaging, centered principal ' comiponent, . centered-standardized principal
component ordination and polar ordination'in terms of stand ‘and " species ordination. Cor--
relation between- stand ordlnatzon scores and physical factors was analysed. -
The results from the analyses and the hneat ‘relationship of log - number,of stems to‘.
dlameter class for abundant tree species 1ndlcate that within the apparent homogenesus
- summer green forest four kmds of forest Caw)mus laxifolia, Quercus serrata, Quercus
mongolica and Abies: holophylia are distributed . continuously from 500m to 1,500m elev-
- ation (sea level), and each forest - aippears to ,be near :to climax stage. The branching-
-pattern, dead trees and their- decaying status also support the conclusion: - - - .
Of the physical factors elevatlon amount of Na and -the - depth of s011 seem to be the
most influential to the-forest distribution.;*- -~ * « -~ S Lo



-— 40 — BEEARTHE REREE H20H

The species group: Carpinus erosa-Acer pseudo sieboldianum-Carpinus laxfolia-Siyrax
obassia-Benzoin obtusilobum sometimes Quercus serrata, Quercus mongolica-Sasamor pha
bur purascens-Weigelia flor'z'da Var glabra, Abies holoﬁhylla-Pz’nus koraiensis seems to be
associated closely each other.

Reciprocal averaging appears to be effective for the first approximation of the stand
ordination to delete the stand and species for futrther refinement. For the species ordina-
tion reciprocal averaging and centered-standardized principal component analysis seem
to be more effective than the centered principal component analysis and polar ordination
so far in this study concerned.
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el vk (BiphiEbs, +HFRRRE, 197987, & AEMRe A < s00m Az o 1,
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% 115m)e] A& FEFIGEEe] 12,3°Col L S£FBEARe] o 1,300mmelx geh(1972~197945).
e ol F Ffhel AL oF 32°~33°Ce LB W FotTA Aol glelAL Hep Kol ¢ 20°C
AEQI BY kEe F 15°Carh

olduifiel | Nakai(1915)¢] ZELjEsyHs) AT o7, Kim(1965)9 HIBEMERERLE, 4
(1979, 1981)9] o] ik Hldo] vigt ARG % 2 HESM AT AT 474 d4h
P R B A7 gtk 2aA o X ZAkBEEY MK, BHEM ¥ FEERE
BEERESS 49187 Q8le] o] 3o A ZsLx] multivariate analysisE ZHE s 3_9&1‘/]-‘ .
%E KiENE REEAREHE A%,
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CHEA - WEAERRES R HIL oWl 7bAh MRS MR, BT Ko = BES oFs)
£ 4¥h 2822 species-stand data® BEEME 9T ko 4evh & PE: BHKml
Ak fiAgel Aol okl x pilot studye] § 5] &elm e g obEY 434, FetE E—mag o
ok 15kmt 8] HHEES 4R ASTT Aol AA 4044F FE Ao EAE
st oh(Fig. 1), MEEE 5x20m 27]0]9 o]F B Aole] WelE Fols 918 19} 2 BT
BOER)E Ager =3 SHRs BATHLE o B B 4330k 5:209 M 1:49
e 8% olgdz & 1:2h 1:49 K A9 Wel S3e}, 2ebli48 ki BEEY
edge effects} & Ao]7]& s} w29 #sl DBHE S shesl 2 B4¢] glows FA51 gqd
F1F47) sem PFE A2Fo s 71538 5X5m 274 nested quadrat® 244 23 3kg
FA6 ghke 45 Adch BAEY SHEEE F Stk A6 wslAd 7 Kk A s1AY
A9 =228 93] wedge prism (Dilworth & Bell,-1977)& 2}-g-3skge}l, -+ - .0 ;
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Fig. 1. Location of sampling sites in Piagol, Southern Korea.

4 BEEAA AR, Ay, wE LUEE, LEUEGE BEE T, ATEIEE,
pH 5% 339X 53 # E%}gj D} EoF pHel %;—E_h Soil pH Humidity tester’ (Takamura Elec-
tric Works, model DM- 5) 2, TEl3 EokslerE.2 Soil penetrometer (Soﬂ test Inc., model
CL-700)& A48t vh, 7 5he] 4sssie =45l S99 ke HHES S F A7 7.3cm =
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<] 6.8cm¢]’ Soil sleeve® Alg3he] % Siteo] 4 3mA LIS ER AR

S it

&
BFtol A @& vegetation data® #1902 A, . A §I data matrix® fEREAZT. ©f

£ SRIE Xy2 oheat 2o T3k
d;;+D;;
X,-,-=—’—+2—’

A7 A X ifge jER TAAY FRIECH, diy9t Dye ifEY jER T4 AgHdE ¥
ANSHES 424 vepdel, o] data matrix &, column(Z3T) 40, row(F) 18& 7|Fo=
Polar ordination(PO), Principal component analysis (PCA) @ Reciprocal averaging (RA)(Hill,
1973) £44 A shgch '

Polar ordinatione Bray & Curtis(1957) 53¢ w01} endpoint selectiong 7]#A] 5 o = =
31 o =], Principal component analysis’= successive refinementE $]3} outlieri} disjunct& |7
# 4 A)§+ Centered PCA: variance-covariance matrixE ulelo & A1-83 Jts} o=l g &
% variance 7] ¢ 2 standardizeg} Centered and standardized PCA HFXe 2 AA|gr}, #E
2] 7% A3lA 4 matrixE secondory data matrix® A3 eigen analysis® 314 o,

A7) gk ordination 4378 $]%F computer program-2 Cornell Ecology Program Series rhe] 3}
1}e]l ORDIFIEX(Gauch, 1977)% Ahg3lowr, RE A4 3338754 449 IBM 3032
MVS system-g- /l]-%;&ﬂ o},

AR FEEE %@9} age structure® 43|y] 8] A AZA G RESFHE A=k

TR
A F T LES B4 KFEE A 2mm soil sievez 3% 274 L4 AFL3sk pHE: &, S 849
= 1122 3% glass electrode pH meter (Corning, model 10)= &7 3tgr}l, X34 ion (K,

Ca*+, Na*).& pH7, 0, 1, 0N ammonium acetates % &% flamephotometer (Corning, model 400)

2 23 stgla 7H84 P& Bray’s method(1948)¢] ¢A spectrophotometer (Pye Unicam,

model SP 8-100)2 &3 stgivt, Sd4dwe AARGL 0, 5mm soil sievez AE 105°Col 4 4

A7t oven-dry A71% Muffle furnaces] 4 450°C2 4417t )¢5 B $7] =A|ste] ol 23

a4 v,
fak 2 FaRs

slobE 8 404 R TANA TR kAL BF 68Fold o|F FEEEY ATH HHE
Table 1o Agivt, AvFub AZUTY Fig XFL 27 15.7% 9 98.2%0¢]H o] B2 HE EH
= 27/40 ¥ 24/40% 0] 52 o] Fel A ¢ L& EFE(co-abundant species)g- )23 gtk =F =
FuToh AT WE T SHERCY 6 S 588 A= vE FedA =ztm gk

Data matrixe] 442 olns] 93] 4 68%F x40stand¥] primary data matrix® gilo =
Reciprocal averaging 248 s-4 =} (Gauch, 1977), = A3 (Fig. 2) & TR TEL F1HA 4
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B, EFGT, AR, AT 5o
= i dAn, 2 R BAHE B
&+ &4 9o
25 A= outlierg] S u-F9 4
X kel 47.6%%F A st Al 24%3]
Fol oo Ynx EWF ol kA%
L2 A$HR 2o T+ A B
U 2o outliere} =@ 29 1549
EHzE B¢ sample cluster (disj-

unct species) 8] 3 rare species 5%

FIRST AXIS

)
24

AXis

o . fa#EsH= successive refinement %) -8

5 I = - AR HFAon 18FXWBIATE &
., 33

Pas of7 40?7 g5 2% 8 o
. : b * & % m"‘m 5 %5 1 5° 7 3:'- secondary data matrixg = ‘: M ]- ]
6 )

A S 4 A& #hoz PO, #747 PCA, RAE
. 9] ordinationg& A8 3]},
o ® o] R4 A = HiE, octave scale &

o] op] untransformed dataZE 2}&3}

SeEcolNb

‘Fig. 2. Relative position of each stand in the space b7, 1981).

dimensioned by the first 2 principal components - .

AL A& L
from the reciprocal averaging from the Piagol PO A €] # ] endpoint RAS A
forest. For numbers see stand number of Table 1. &= Z-39¢ endpointz A3},

A. Stand Ordination (stand space)

RA, centered PCA, centered-standardized PCA, POS EE£E BHET HEE Fis 39 (),
f(b), (© & (Dl A7 vekd =k (a), (0, ()& Fig. 2¢] A ¢l vl %844 # 184 T34-FE,
ZUTHE 2 B $AR A7 EHEs vebdek ()9 72 SdE 1 F2HY] 1A
n‘v?J:Oﬂ GA FT £A R AvkA] Be] SRSl Qv KEEER v shA] E4E ordination 7 3l 4
2 —FEZ YTl o] F Alo] &) Spearmann’s rank correlation coefficient(Table 2)d] 4 = =813
Ae BT + 9k
A}7] g+ ordination & eigenanalysis A 3}-5 Table 34 vlebcl, 29 3#EHhd] 98 eigen
valuez n] o] RA, Centered PCA, Centered-standardized PCA¢] total variance #ds-& 59%,
82% B 46%°)1vh, —BEye = AF A FHEPRA 3ol A x4 AAY eigenvaluer Az vari-
ance 59 40%WA 90%% vebdrhe F o2 v Fe] £ (Gauch, 1982) o] Zf7-& =% e}t
As = qAAL

B' 72‘}_9_0_’_

ot

BERES BHER G A4 Al o] 23T Fao ﬂﬁﬁ_ol AFole] A E A E7] 4
& ZEEES 27 991 53 RA stand ordinationd] #1 = 2 ¢ stand score 4}o] ¢ HBSHFL-



— 46— - - EHERRRTEE HEmEE San

"WFIRST AXIS
- B ‘ 78
| . N
. RS T I 30 32 5 20f
AQ - n 37 Y Iy A & -
34 B Q . F’@ 12 17
8 o 2 g @26
i D 3 & (<]
15 22 1 340‘}3@ ;?2 10
5 @ a K
'@4 .ﬁ‘) 36 2 © ®
Ba,3 & & 9
we 80 .
&
o D 40 K 43
1 # 21 @
* , 21
. 27 P
paend ):? ’_’ 8 -t
N [~]
A o 8
7
‘ D7
< i‘? 230
(2) ‘ (b) ;
Q
Z 3789 26 \
. 22 a0d @88, 5
°© - j50 &
. 30 o
“ % 22 7
oy ! 7 .0
= 38 [¢] 23
w P b9 @ H A
SR o 17 9 3 o N o
37 28 B 17 9 [4:3
30 23 . ' 8
RO | :ﬁ g
?@39 3z . .
N Y
40 42 ) 15 ]
A 10 P 21
20 %1 | & ) ©
A 18
5 -%4 < Bag
i 2
15 > .t . 5 5 Boia

© o @

'

Fig. 3. Relative position of each stand in the space dimensioned by the flrst and second axes from
the reciprocal averaging (a), centered principal component analysls (b), centered-standar—~
dized principal component analysis (c), and polar ordination (d), @, O, A 1nd1cate broad-
leaved deciduous stand, coniferous stand and mixed stand respectively.

A =3k o} (Table 4),
I A3} 15717 RA stand ordination 57 o
BT A 345 veld o, F2 @Ik A

2

ol A _Tr__,_i]- Nag] oF n}o] %1 2] sceres} f
A AL HEEED f9T A3 ek
A

0
RiA
2+

2 AAd A 27, soil pH, 13RI, ARA Ca SAAE 28% 3L QA% 5 5k A
77 PCASE POS] A= A9 ¥l%d #ig 2 Eoh Aol ol 8 $A04 B4 4R AR
AR sl FE glom HAm 7 o&% Fed glenz o4 Ashe Fgshe v 2tk
5 LS —kHY 2e5e %} 9 AAY AR A7) W T FEE

ErL S88 29 43 2
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Table 2. Spearman’s rank ceorrelation -coefficient ameng four kinds of stand erdination

Centered PCA Cenfered . RA
PO 0.892 0.873 0. 955
Centered PCA 0.882 0.876
Centered standardized - 0. 849

PCA

Table 3. Eigenvalues of the first five components by three ordination techniques

RA Centered PCA Centered-standardized PCA
Compo- or P o 9 P
nent eiger‘;-alue eige;lo- E lelg(lﬂgf % elgeg-alue eigerf— Selilgén?f % eige?,;due eigerf— 211'1;n?f %
value value value value value value
1 0.5305 26.07 26. 07 16, 320 43.37 43. 37 3. 847 21.37 21.37
2 0.4111 18.15 44,23 9, 157 24,34 67.71 2.556 14,20 35.57
3 0.3379 14.92 59.15 5,326 14. 34 82.05 2.042 11.34 46.91
4 0.2698 11.91 71.07 2,509 6.67 88.72 1.728 9.60 56.51
5 0.2171 9.59 80. 65 1,552 4.13 92. 84 , 1.540 8.56 65.07

Table 4. Correlation coefficients between fifteen envirommental variables and the stand

of the first and the second axes by RA; *p<. 05, *p<. 01, *Ep L. 081

Stand scores

Stand scores

Stand scores

2cores

Stand scores

Enzirrcgtrﬁg?tal gﬁ( ighe first gi i1;he second Env;gcill}:ﬁ?;:al (a)ﬁu' ’ghe first gi izhe second
Elevation .SGT** -.119 . Pore space C.037 —. 144
Depth of soil . 060 .426* Soil pH .251 —. 031
Scil compressibility —.218 . .177 Loss on ignition . 185 —.245
Basal area .223 —.125  Easily soluble —.166 —. 347

phosphorus .
Thickness of .063 —.152 E=xchangeable .121 —.307
litter layer potassium
Field soil pH —. 304 —.029 Exchangeable calcium .214 —.268
Field soil moisture - T .320 —.059 Exchangeable sodium . 398%’ -—. 257
Maximum field . .056 —.258
capacity

Ak =3 mAlel T FEERY bt B3HE WS o) T3 glo] HlFY dF3 HAggyges
Nad| ofo] 53 AR 27 §&7 e F5E AuA Feh ‘ -

ol elzke AFl: SeEEIRKELE ] 71-¢ RA stand ordination®] # 13 scores} 3173 g9l =he] A-
A A5k 2 1904 B84 F 1A HESE BAE dek ol A3k lmP o AT Fel
= Vel geh(F, 1981).

EREE = A BAEES ws Aol HMAHEAD 24 10 o B2 25 244 9
o}Fe] Wl EA7A 249 ol § diversity(Pielou, 1975)7F JFBsike] 24 B} & Aoz o4

1} coenccline® >} stz data matrixE upul o = o] o} F ZRikEE4Ee] B diversityE EH&I 2 A
o]t ok 1.8HCE JBed 15—18HCS slstgleh BEE o919 2 9o <4 ERF e Hel
= JeBERe 28 = 2P°] 7 gl A Zrh(Table 5). e} o] ob& HHHESE ¢4
Bl = <F 20°CY @& FiRol=z2 %I sl ¥ Aoe HESASL 294
# 7t %L%&_/%%}E o4 A&y, TF4 AL Tol kS 1A

=24, °
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Table 5. Summary of environmental variables for Piagol forest

Elevation Soil ?2;15 1%?113:1; Basal area Litter layer Field soil Field soil I\:I;Z;ag%d
2 2 3
(m) depth(cm) (kg /cm?) (cm?/100m?) (cm) pH moisture (%)

% 1,053.5 32.16 0.45 2,332.2 4,05 6. 36 37.14 115.61
Max. 1,480.0 40.00 1.280 4,725.0 9.54 6.67 62.00 156, 54
Min 530.0 12.40 0.10 986.0 1. 66 5.83 20.00 76.80

S% 55,236 1.543 0.053 35. 825 0.335 0.045 1. 957 4.622

Pore Soil pH . Loss on Ela es 1})3{1 OSOIH Exchange- Exchange- Exchangeable
< space (%) ignition (%) phorus (ppm) able K(ppm) able Ca(ppm) Na(ppm)
101.44 4.55 25.71 9.71 177.83 363.95 23.67
Max
127.71 5.03 33.41 - 28,26 300.70 6680.0 36.40
Min._ 71.18 4.00 18.50 3.71 80. 90 83.50 14.53
S-i 2.626 0.049 0. 843 1,052 9. 838 34. 589 1.185

K

¥ 428 debin geh 5 SlobTe B 2ot AdA o 2ol mesicy AL 2ol
o, QiAo obE MBS EE 5, AVTE, ABFRE, AUF—SFTEY 2

= A Fo% aqom fFASE A 2ok =W MM Rk D DAY £H
F(TRMAEE) 5= 2vhn 4235, B8 REHM 8HY KB o 20°CE vhehath(oh,

C. &Y ordination

RA, Centered PCA, Centered-standardized PCA 8 RA®] 4% -57¢] species ordination 235
Fig. 49 a, b, ¢ 4 dell F7 el v},

RA9 A% B70d FF—A T, AT —2 50 F—xgd iy t—zd 445, 73
A, AUF—3 AT —55Y -S4 7Y 4F AE & dobFig. 4 2),

Centered-standardized PCA2] A (Fig. 4 )% 2Ad AUF—rUF—AEZAY, A FJE,
29— AYF—al S EHFAR, AAGE—e R I 23T AT, B, 2ok
T RS B e e o] Aol VT, AAUT, 254 FAnle] whr TR
.Centered PCAS] 7 $-(Fig. 4 D)ol & H 1A At AZUFr 443 21 AvpF
= gds 2k gk 299 FEL ¥ 39 go,

PO A (Fig. 4 D)= & Iﬁé‘ﬂ. A T AT S, 1?5! g lmalA =9¢
s} 7S S E ok Fuie] Ae g gvh 2 UnlA 5 4L FAHESY Aste
2A e,

L;U:EI ZA3te ol AR, FeukFut, AUT—ET4UT, AZUTF—zsy—H ZUyT
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