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Abstract

Various kinds of ordination methods such as correspondence analysis and canonical correspondence analysis
are used in community ecology to visualize relationships among species, sites, and environmental variables.
Ter Braak (1986), Jackson and Somers (1991), Parmer (1993), compared the ordination methods using
eigenvalue and distance graph. However, these methods did not show the relationship between population
and biplot because they are only based on surveyed data. In this paper, a method that measures the extent
to show population information to biplot was introduced to compare ordination methods objectively.

Keywords: Distance graph, principal component analysis, correspondence analysis, redundancy analysis,

canonical correspondence analysis, canonical ordination analysis, singular value decomposition.
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A ole] BAMETol B4 Y A2 Holslo] A& Ao ojel Lol BT 7Y AL Ao
2x FAEE A (principal component analysis; PCA), ™-8-%4] (correspondence analysis; CA) 5&
£ % 9

=

BEAGEAZ AEEA 0l ARE Akgo] AR e F7HAQ ARIF Foid wf AR 5 A
= e AGEA vla] AR AR F3 G AAES I ol A FARsE
A vehd = AT, SEsete] AAAAE AHAer 28T 5 Q7] o] e 8% &
Aoz ARttt AFAGEAN = FEEA (redundancy analysis; RDA), A<0]-384] (canonical
correspondence analysis; CCA) 5o] 9t} 53], Ter Braak (1986)2] A= A2 st

E FEXE 2 U7 w2l H27HA 7]-75} de] ARHI e AEshdRoltt. Ter Braak
(1986), Jackson¥} Somers (1991), Parmer (1993) 52 A gL Aol XS v|w s} H3 ohst 21_1,:_

WHES AR, 230N ol AFR WINES 2AH ARE WULE (biplot)oll ol 4

=“r
Ae

1:!_]
T ZAHA At ATE A= A3k (eigenvalue) 5] HIZATE T3], o338 {7 ¥l
< ‘A Ao thelj A7 obd AR ARzl e A ol AE FH =] APEH =7 s A=
S 7k 2otk &, BT IR AgRkE 2ARH] difdl, P BT FRE Hrh g
SHAl FASH=AIE Hlast] Seixe A2 7ol Besitt 2 A9 2o = tEA < A
AP ES 7Rk 37l A o2 d A d3 WSS vlasty] Ag 71 HES dustaalk &
o} 22]al 4ol e Adshel osf 2T AR PEr ZAHEE ST 5 e M2 A
ZE /st RS 6 AL ES Alasklnh. €0 53N dE2 el vt

2. DEESQ) My 9 24 X2
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= gotetr] feliAe AHEL gl a7 AT o] F Al AR A Folgdl (singular
value decomposmon, SVD)E AT & 9t} & BN A85E F-4¥ Ases nlY 4o}
g7he Fog2 FAH ] Aom Vg = (yik) & E718TE ZF ZHE ifA] FaolA kiR $o] SN
£ omgitt. 3, AEAIEANAE nlY Fast pe] ERMer FAE SFART FHHL
2 FARE, olt Xnxp = (145) 2 E7]8th AREY] S48 A5l thsfiAl= Jeong (2012)2
1% 5 Aok B, ARE AEelL THEAE Fojshe Wl et o2 /Y AdEA o] EAsk=
dl o] & 2.1804 dFst7] =2 gt

2.1.1. FEREY  ADEAAA 2700 de] AR 242 FAEEEA oItk FAREA M=
ARE 7P & S4E F YEF 7 Ml ths) AP A7 AAlste], AE i 7)AQd RS
£ ek 393, REAS HasstaA die] 2T £ JeE 4o FARUTE o83t
AEE AWsta AZRE AR 94, F 3E A8 YE S sy w9l 9IS AAS)
Al 2+ 5 Aol oI RERAE olgsto] 4 (2.1)3 o] 3 Ik

Y, = (yix — yk)7 (2.1)

Syk



Ordination Methods in Ecology 51

AN G = 30 yik/ N Syk = /Doiq Wik — Uk)2/(n— 1) otk 283 Sl gRE Y, =UD,V'E
59 £ V 2 FaFE UD,E Tt FAEEAS AEst 34L Legendre®l Legendre
(2012)& g 4= QUrh

2.1.2. U224 Hill (1973)9] A&7 (reciprocal averaging)©| Aejgho] 271H T Ul-5-&4]
AEEMe E72A 7 del ARE I itk Hille] A% 372 Hayashi®] 33} 3%, Benze-
cri (1973)9] t-3EA3 22 ot} (Kim3} Jeong, 2013). Tf-8&42 3§ 2 5} (row profile) 3
1 ¢} 7}ol Al Al (chi-square distance)E ©]-&3tch= AolA FZ2t]¢t Azl (euclidean distance) S
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AU ek o] WS 4] (2.2)9) o] T4 AR Y E QE Wi
1 1 _1 _1

Q=D?D;" (P—rd)D:? =D, ? (P—rc)D. 2, (2.2)
A7V v = (r1,..,mn) = Wity Ynt) /Y4y € = (e, i¢0) = (Y41, Y4g) /Ytt, Dr =
diag(r1,...,mn), De = diag(01,-~70q)a P = Y/yit, Yi+ = D, Yik, Y+k Z Yik, Y++ =
¥ Spymelth I SelgRs) @ = UD,V'E §3) $3% D.V°VD, 9 3azE D;PUS

e =)

2.1.3. 824 FEENS FAHEENES 85 AENGEAY dFolth. F-0E A5 F
M og BARE} AT ) AR 5 k. WA FAREAXYE F-LAAEE VY E VLR, B3
A8 X8 X2 Z2F33ith. 293 o5 AE 56 .9 ARV = Xo(X[X.) XY B T
a3 EolgE Y =UD,V'E T8 £3% V, FAFE UD,, 343549 Corr(X,,U)E A4t

2.1.4. HEUSLM Ter Braak (1986)9] AETjSEAL *Mﬂoil/\i = %:iﬂl AHEEE AE

2 &4l Hls i E%ioixl%l‘& %
Uehd 5 QlojA AkgsA o] folstthe el AYar glrk 7] A] /\1%3
3} st 2Abe AR 3 oo BAE FLxO AR vdele FEE oudrt. o) 3
W2 -9 AR YE e2AAE Q= Wssta, 28 X Z2 Hadith of7|A Z9] d4
ke Y, Wik = 0, S, wxh, = 15 UEFAEE 1,2 FE HBAT VA, w, = yig /y4+°
o aEm ASTHEIAE B9 QY ARW Q = D/PZ(2'D,2)7 2’ DY/PQE T8 F Sl
= UD,V'E 53 23% D.'*VD,, Z43% D,'*U, 83859 Corr(D,/*Z,U)S Aikat

2.2. M Xz

£ AFoAl= Ter Braak (1986)2] An| A55 AME3te] o] WHES Hlws7| 2 gt} Ter Braak
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Table 3.1. Eigenvalues of four analysis

Principal component analysis Redundancy analysis
Dimension . . Cumulative . X Cumulative  Adjusted
Eigenvalue Proportion . Eigenvalue Proportion . .
proportion proportion cumulative
1 165.311 51.0 51.0 136.888 61.1 61.1 42.2
2 63.414 19.6 70.6 54.774 24.5 85.6 59.2
3 35.897 11.1 81.7 17.797 7.9 93.5 64.6
4 20.014 6.2 87.9 9.218 4.1 97.6 67.5
5 10.116 3.1 91.0 4.278 1.9 99.5 68.8
Correspondence analysis Canonical correspondence analysis
Dimension . . Cumulative . . Cumulative  Adjusted
Eigenvalue Proportion . Eigenvalue Proportion . .
proportion proportion cumulative
1 0.589 48.5 48.5 0.540 61.9 61.9 44.5
2 0.254 20.9 69.4 0.225 25.7 87.6 62.9
3 0.180 14.8 84.2 0.073 8.4 96.0 69.0
4 0.065 5.3 89.5 0.020 2.3 98.3 70.6
5 0.040 3.3 92.8 0.011 1.3 99.6 71.5
=5 Eo)7] Aol Alu2 W 3 A B2 AHsigla, ghol 95t 2 B9 9= x7)skk 674
o] Al =Hele(water content), APEs} B]T%(bare sand), ©]7] 3 H]&(cover moss), WHFA}L
B]& (light reflection), o] UR71A] v]&(fallen twig), GANF £ H]E(cover herbs)oln] &1
&2 10709 5Y 272 YR 0014 97119 3HS Holstgint.

3. JIEQ MYy bl

AN 2T ALEPRES B3 5 L oo HE, BPV5 WEE AA7A ARF 5 9o,
T

A7} SRl E AN TS Do BAT 4 vk 2Ad, A9 29 B Bl me)
AE3} A3t} A AR A7 EAFOR, D) ATE oA F7ko] B3 Aol Fel ol

o gaEn. wetd R £48 g4 279 2 BEsel aYos
A 399 452 Bo] 98 o AT BRIk ool HhaA L

AT 2] At F2 BEAL

3.1. IR} o|2ct HMHA Y

APE Y7 UDV'R Helghs] gk 319, v = YI Vi, € & don s34
7RARE AR Y, = Y0 Vaewor7F BTh kA A5 dE sa Qo] ZAEE A = 1 -
23 (3.1)Z 23 & Utk

Y —v.|*/lIY | o3, 4,5 v A
q 2 q s
> VArugvy > Xk Sk
k=sd1 k=s+1 k=1
As=1 : - =1t k=l (3.1)
Z \V Akuk'U;C Z Ak Z Ak
= k=1 k=1

oAl AFFE ol&T MEPHE] A He AFEAL
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(20.4%) (30.6%)

2-D solution 2-D solution
228.725 0.843
(70.6%) (69.4%)

Constrained space ‘ Constrained space

2-D solution 2-D solution
191.662 0.765
(85.6%) (87.6%)

Figure 3.1. 2-D solution in the constrained and the unconstrained space: PCA v.s RDA (Left) and CA v.s CCA
(Right) (Greenacre, 2007)
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Table 4.1. Population species emergence frequency

species 1 species 2 species 3
site 1 10 20 50
site 2 10 50 20
site 3 20 10 50
site 4 20 50 10
site 5 50 10 20

Table 4.2. The distance between sites and species on biplot

species 1 species 2 species 3

site 1 3 2 1

site 5 2 1 3
4. SV} 21E0{2|S 0|88 MUY Uiy
I3 D AIHZE o] &5 AWY naHE ZAM AR E oA FHAe| AR UE=
A5E FAG Polth 2, BHTE ofu AE o) FABEAE & 57 o4 ALIPREL
Lol BA7 Ak olo] mWeh B ATl ALEe] BT AVALE 24T 5 Y AEE
a7fstar, Roldde Fofl Adse Hlud &, R A o) Aed WHe AHESte] An zk
2o] g2 F

2 Aol A AlFshe e 7& ofoltjo]& o Fo] 5T Fa

I3 AR T Fad viEl siE Fagol AR A veRE Aolghe A
E0] 5709 Fas} 37 Fog FA4E By SHRIET} Table 4.13 Zthal 3kxf. 718]1l Table
4.194 2708] FAE Qo= Agst & IS F8ota, dEE AXRE T T a9 A
E A4 232 Table 4.28}31 314}

Aale AN F39) FANEA 14 3 BRANE F354 Ael7} 73 7Hg7) wlel mAD

TEE F AQHL Uk sto] FL1L ALIPRANN ALFE Ro2 B 5 ek WH, P59
4 SRR, Fart RATOIAL $19] FRULS A EAT FaANL 529 AL Y

TWheE E 4 St 2B BE FasE AdsbyolA LBEREH AU & 4 th

oA, BoAFN A2 7o BXTHO] 71 B (gaussian distribution)E 2Tl 71 31AL.
o] AL o Fo] HA ZA TP o] S H A R HolALF SFNET ol g
EH3= 7ol & = it ol& B¥ o= vEhY A (4.1)3 2t}

Yik = cr X exp < 2;21% ) , (4.1)

A7IA X iZAoAY FAUEF, Vi (F20A kF] EENE, s A3 (optimum value)
tri= S 8Fh(tolerance), cp= HTgtolth. AW} Fof 71 Wolds= 4 (4.1)9] 247 543
Z7Vel7) w20 28 o)& 7} oY AT welba BELE d<edelr] 8 Ter Braak (1986) er—JJr

2o 448 st

L S wste] w2} & F9f 842 Fdsttt. = 6 =tolth
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Figure 4.1. Gaussian response curves in the species packing model
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3},

f;

1. % 7} 3]9 (multiple gaussian regression)& ARR-3to] 271 3 WHa W3t w2 37] £ vt

3 8F4=(response function) ZH2 1007)] At} =,

Xi — Xz — ‘
m:cxexp(—( L) L 2%2“’“)), i=1,...,100, k=1,...,3

ojtt.
2. WS groll A-8dke thEEE st S8 AR Yieoxs B BBAE Xioox2 S AE T
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Table 4.4. Results of spider data analysis (classification rate, N = 28 )
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Figure 4.2. Upper panel:Biplot of correspondence analysis (Left) and tri-plot of canonical correspondence analysis
(Right), Lower panel:Biplot of principal component analysis (Left) and tri-plot of redundancy analysis analysis
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F-ndol thet ofe] BEA A FAL At sirh. a9, $ S¥NEE M Wl wet
AL F7 AL adhe AT HolA o HAGS SAeR Bxse A4S Btk ayER
g oy AEHSRAeR AEst S A o] AT ZAHA S A9 AAE
vtebd 4= Aok shltt (Legendre®t Legendre, 2012). ZZejuh thi2e] A7F wpge] -/dol of
st AAHQ ARE AR Kotal FHAA Aekel| 21X A9 gtk RN E /3T A
22z 5& o83t ALY v e A% AR o] Ax E BYdho] ohd FEE 234 3

Rejl Yehle AEne & 5 ke A7 At

2 OWOMh “X‘Jmﬂfﬁ o Fo] SR FaoA NS Erid AL = oA 1A el A
# A g3y oﬂ A 2510
3

BRAO FHEA B

S olg R a6l @ifﬁ%—%ﬁ% 59 Adshiol 2Ae) 2] 53} Aol AAE Lehd
S 9ee AvE 4 Atk 53, AFNSRAL #YARE FAH0s H BEY 4 9u B

S BT R GeH 4 ol ABRA BT b WO JRREAE ETAT SOV 2R
of thel Bt BAA BAYL AT BAYL BAHT)
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