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Cluster Analysis of the Foliose Lichens in Mt. Duckyoo
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ABSTRACT

The epiphytic lichen communities were analysed in terms of cluster analysis on forty two stands and eight

environmental variables in Mt. Duckyoo.

Ordination of stand and species by principal component analysis (PCA) and sum of square algorithm(SSA)

gave similar results. Species cluster showed three groups(l,ILIIl) and stand cluster revealed three groups

(A,B,C).

Interaction of stand and species cluster was interpreted by analysis of concentration technique. The results

indicated a significant cluster structure at the level of different environmental variable.
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ceae), ] A }5F(Berberidaceae), A} 35} (Betula-
ceae), v }FH (Fagaceae), -5 }FF(Ulmaceae),
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Table 1.

Variable

Level

A key to subjectively assessed environmental variables

Definition

1. Lichen cover

2. Lichen vigor vitality

3. Exposure

M WO TR ) N = O N U1 W e O

4. Diameter of tree

species missing from each plot
up to a few lichen thallus
abundant, low cover(less 5%)
very abundant, low cover(5~25%)
high cover(25~50%)

high cover (50~100%)

absent of apothecia

rare apothecia present
common apothecia present
vigor apothecia present

south and southeast

east and southeast

west and northwest

north and northeast

measurement of DBH available on 3 or 7 tree within each

Height on the ground level
Altitude of stand
Canopy density

®° N o o

Slope of stand

[S2 QTN O N S

plot.
measurement of the center of cover in each species.
measurement by altimeter
measurement by luxmeter
flat
class midpoint about 5 degree
class midpoint about 15 degree
class midpoint about 35 degree
class midpoint about 55 degree

EPTS] RES B A S WA A T

S Ao E4rsly = (McLaughlin, 1978),
i WEE EHE FlHI R, i

HupTE
Y HRm

Fle dEpEreE Aol <ok of JBNTE sl

RAEHE

g;;*m

% Rk 400mPRel Qe 3~7MHS #ARE &t
o] 10cmX20cme] QuadratE HEigo = REI BT
#s Table 13} o] HESHLA .

# = Daubenmire(1959) k&  dl¥o] 10BEE &
atel =, MEEMe BRE (Vigor vitality) = Hoff-
man(1977) S FIHSI Y =, MRy HEEE-S X
Bibe 2 Ea4dty (Case, 1977), Kke EEE D
B.H.(1. 3m)ol A Fstg o= E Tl & HEe &Y
Bo BEME MEstder, MEFEE R FaM

Bates(1975) g0 2 E4rskgd ok

ARG #Hoge Hale(1979)@io 2 Sz
Parmeliaceae, Physciaceae % Cladoniaceaet Culber-
son(1972)e] TLCIo 2 #isustelct.

R RE

Datal Zdr-& HP-3000 Computers Fifisted #he
Program(1981) TEUD (Euclidean distance) TSSA
(Sum of square algorithm), TPCA (Principal compo-
nent analysis), TAOQC(Analysis of concentration) o
2 Gtrst et

1) BEEERIGE

ATl A FIME g Euclideanffifio] of.

e(jo k) = S (Xhj—Xhk)? 4
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h= AETTR ,P (1)

2) Haprel #el %Y (Ordination)

Euclideanpii S FiMste] LFESHiL(EPCAR. b
1981; Orloci, 1975)0.2 E4atgch. ol& [FHHEfH
(eigenvalue, 2:)8} [E %™ € (eigenvector, b:)9] i
& L E T SolA X (2)eh el iR

Sh;=:b: ©))

o]w] £ ¥ (Component score) & X (22 A&
.

Yi=A'jb: 3

K@M As Ayg 571Kl Aw=(Xn~Xn)/
va—12 sz A A9l Ml o).

3) &Y 4% (Cluster)

B E Jef1 (Orloci, 1975) & FIAshe] #7458 Edtsl
o =A EmEEERY RS HETE F ERY
HEHEe RN 2.

QA+B=[1/(NA+NB)];;32(J', k; A+B)
F 0 PRSI . Nat+Ne—1
B=j41, ceeeeeee , Nat+Ne (4)
F (@l A Na(Na m=¥E Np)  EREESEH(C] o HEL
giEfe) fdMEs KX (G)sh o) Edrh
Qas=Qas—Qa—Qe

WEE 2oh.

g Y HiES e %S HAMEITE can-
onical#Hl > S FIFISkglch. BEEEES] canonicalf)
= @ el S AR S FlAsd X (D
=} zro] FHEEsISl.

Xov=aaur (F/F* ™
& (DolA al 89 [EANE ol . =g o & 8P
o] FTHE7ES] canonicalBifi s FRETSEt.

B R

HErel @e%(stand ordination)

WY WFe EFESWEPCA-R; #h 1981 &
FiFt gl et Table 2048} o] H—RKE HHAM
106.79% Z2#Eo 34.4%4 = HE#EE EHEES
86. 842 A-86ES) 28.0%, H=tFt EHME7 59.20
o2 28R 19.1%24 ol F A R 4L 2
9] 81.5%4+c}.

mE R DTSSR Y, HE D R
Mg iels] Felsl BRIl B3 BTARE MK
) ST IR EEet BAGRE st

g AL AL RIS 42(0HPTE B R

= [ NaNs/(Na+Ne) )T (Xna— Xuz)? &)
COMPONENT
=1, eeeereens r >
x B4 r& HHE FTE Aol
4) %= Bt iR ”
o] & Feoli & Orloci(1979)9] AOCH:& ol -gsatglv} . 2126 )
A %S FEUIE (sharpness) & K (6) 7 ol G N7
sl 0 91
_ . (B) . .
S=x*/F min(r—1, t—1) (6) 5 . 35:’ o COMPONENT
K (B)lA F=rtz (E9) HHEWMOS mupiel Hikk s 8 lu e 1
. L. 4 A
(H2A Stk 0-140] 2 0] A% Hike & Y B
()
Table 2. Eigenvalues of the first five components
of the forty-two stands
Proportion of Cumulative
Component Eigenvalue variability proportion
Fig. 1. Stand ordination on components 1 and 2.
L 106.79 544 34.4 Six stands(A) belong to the high altitude
I 86. 84 28.0 62.4 area(circle) and the number indicates stand,
" 59. 20 19.1 81.5 ten stands(B) to the area of high canopy
14 33.41 10.8 92.3 density(square), and twenty-six stands
v 13. 35 4.3 96. 6 (C) to the area contained complex variables
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Table 3.

Eigenvalues of the first four components

Table 4. A key to the species shown in figs 2
of the thirty-three species and 3.
Proportion of Cumulative 1. Anzie ornata Asah.
Component Eigenvalue  variability proportion 9. Anzia colpota Vain.
1 4.91 35.1 35.1 3. Anzia japomica(Tuck.) Mill. Arg.
i 2.78 23.2 58. 3 4. Collema flagrans(Sm.) Ach.
i 2.62 21.9 80.2 5. Collema glaucophihalmum Nyl
i 1.38 11.5 91.7 6. Leptogium burnetiae Dodge.
S 7. Leptogium tremelloides(L.) Vain.
FaEE(SSA)o. 5 A9 ko] EyH o] ABEL 6 8. Hypogymnia physodes(L.) Nyl.
FEHFT2 MBTYE 19,23, 22,21, 26, 240) 4 7&#%e] H 9. Menegazzia terebrata(Hoffm.) Mass.
biiRe B BEEF 1500mBL RS Hiiglo B#ES 10 Parmelia austrosinensis Zahlbr.
10{HHET 2 MATH % 3,7, 11, 35,18,5,10, 8,40, 622 Ml 11. Parmelia fertilis Mill. Arg.
WEESE B MRS TR D CHIES 26MAT 12, Parmelia rudecie Ach.
2 BEEEECl a2 fFHe g d Fig. D 13. Parmelia cochleata Zahlbr.
2| AeFl(species ordination) 14. Parmelia mexicana Gyeln.
fEe BY= HpTe Eo ol £Eabrikel HgE 15. Parmelia marmariza Nyl.
BREfES o] &atgd . &£ 33 o] HFi—FHEe EF 16. Parmelia tinctorum Nyl.
{7} 4.212 &8 F] 35.1%0l2 HEFEE HHEHA 17. Parmelia caperata Ach.
7} 2.782 ZEAEO) 23.2%0)9 HETEHE BUH) 18. Parmelia reticulata Tayl.
2.62% ZeftRel 21.9%2 AEEY fol ABE 19. Parmelia sulphurata(Nees & Flot.) Hale
80.2% 2 viebyow IERmAMY 338 BEE 20 Parmelia subramigera Gyeln
Fig.2 zct. 21. Parmelia squarrosa Hale
% 1 7L Menegazzia terebrata, Parmelia caper- 22. Nephroma helveticum Ach.
ata, Anzia ornate, Anaptychic hypoleucas) Demato- 23. Nephroma resupinatum(L.) Ach.
carpon miniatum®) 5%l I 2MK L A. colpota, 24. Peltigera dolichorrhiza(Nyl.) Nyl
Leptogium tremelloides, P. reducta, P. marmariza, 25. Anaptychia hypoleuca(Mill. Arg.) Mass.
COMPONENT 26. Amaptychia microghylla(Kurok.) Kurok.
Il 27. Anaptychia palmulate(Michx.) Vain.
28. Physcia albicans(Pers.) Thoms.
.9 7 an 29. Lobaria meridionalis Vain.
W 17w 25 124 3‘ 1‘5 30. Lobaria orientalis(Asah.) Yoshim.
33' A; 0 * 2.3 COMPONEN T 31. Sticta gracilis(Mill. Arg.) Zahlbr.
', ,:,' I 32. Umbilicaria esculenta(Miyoshi) Mink.
v 33. Dematocarpon miniatum(L.) Mann.
.: . () P. subramigera, Nephroma resupinatum, P. albica-
ns, Sticta gracilis2 8Z-olg or i 3% 2059
Higtpiye) o) o] Eistgl =k (Tabl 4).
Fig. 2. Species ordination on components 1 and 2.

Five species belong to cluster [ (square),
its numbers indicates species number sho-
wed in table 2, eight species to cluster

I (triangle), and the cricles to cluster Jf.

e £%

PCA:ol & #1705 [E4rs) Hstr] $)oto] BgEH
WAl S o] g-3te] Euclideanflifft s Fifste] HHgEHRE
Friew ke Bostgl v
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00 (1) (1) (1)

SUM OF SQUARE

Fig. 3.

Dendrogram of lichen

sum of square algorithm based on euclidean
distances.

species using the

Table 6.

Table 5. Joint frequencies of the three species

groups( I, B, ) and the three quadrat
groups(A B, C).

A B C

Total

I 1. 00 6.55 10. 56 18.11

I 6. 25 6. 82 15. 30 28.37

| 14.75 11. 86 11.58 38.19
Total 22.00 25.23 37. 44 84. 67

EHIRRIS ghol 1009+ ABHIY E4e AAa #
%ol B4 s glrh(Fig. 3). ojwie] LHE1 L 552
ol ol B RGPk H1dEs 2%
2, %1 8% HMAMBE N. resupinatum, P.
marmariza, L. tremelloides, S. gracilis, P. albicans,
A. colpotas ERIHTIES] HE2H%S Zovt A mi-
croghyllas} P. austrosinensise thzA Jebygdel, =E
o HBENL 2089 MAkMHE ERSF SN 3RE
 dsstA vebigtt

Canonical scores and correlations for the specxes and quadrat groups

Canonical Species group
variate I 1 il

Canomcal

Quadrat group
B correlation

A

1 2.22
2 1.20

1.27
1.72

—-2.35
—0.64

1. 42
—0.48

1. 40
1.01

—0.36
~0.55

0.579
0.110

olll Ie A

Fig. 4. Joint distribution of canonical variates for
quadrat groups(A,B,C) and species groups
(I, 1, H). Coordinates are given in table
4,

WMo| BT HFTREKTIC| MR

WL B%E 1,1, 0122 ES582 e
Wik A B C2 o R73W4E o 45t AOCH:
L2 g MBEE $H31el7] $3le Table 59 o]
Aoty et ofwl %S WU S=0.052 T we
Zt& vebuket(Table 5).

=3 Mol HME WAIE%ETY  canonicalHie
Table 631 el canonicalffiffo] % 1#A& 0.5792
EHEYS HiEES BIEEES BGRE E2Ee
0.110°.2 wgjsel BHfR= ek,

HFTHE %S canonical Bl V% ASt By a2
% Co ko sty Mo #%AE £% 1.1
7 & 3 WAtk ol v kit B M
ot &g vebd o (Fig. 4).
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KA A HEA ikEYyE 8E 2 RRIbAM
#yo] 33fEol . H¥ = Hale(1979)9 %E FIM3}
9o SR MRS Ak kY £0R%E G
1982) ol fREHe gk

ol 2] bR BUEEEE RESt] MEAEHMYwL MRy
ol b HRE Aol Wt WMEISHT S Beals(1965), Bates
(1975), McCune(1982) Hiffsbgl = iy =he] Hisg
S#7-8 Bray & Curtis(1957), Williams & Lambert
(1960), Yarranton(1967), Feoli & Orloci(1979) %<
W7k glos] computer program% Abuksl A uks] of
91 v} (Gauch, 1981; Orloci, 1975).

PCAZ:L IS Hidkibel A JefEo g [l
SEEDH & Hilste EFEE FH(component) =
Az ERYEgres @EEERS J3FE €48
=t} (Orloci, 1975; Yarranton, 1967).

=3 AOCCRHBEGIE & %S At Rk
BYEE ST B WS MEE rRes
Wt 770K A #E-& Ests canonical B E 3HH
3ted o] & T3t (Feoli & Orloci, 1979).

McCune(1982)-& fi7)(ordination)e]] ¢ dle] POH:
(polar ordination), RA#:(reciprocal averaging met-
hod)s} PCAY:S Hikdtz POp:(Bray & Curtis,
1957; Gauch, 1981)°] E#istr] o] Arfleteta glov
ABGEol A PCApEL SSAJES] H¥ MEHRAT ¥l%
T A Jeloz (Fig 29 3) PCAEE o &3ty
oW BREIEIRY MHTe AOCH-S FiFlehg o).

Aol BES HUE(S=0.050% T8 dor
RS Rkl B LETHES MBS K
3 Eie] wEEek W 2 MEREE vhebyl ok

$ESTY B BN =e Yo" e o
&t Eapste o] gho] #KMEolvk quadrate] Myl
Q EEz olgd 4 v HE Aok Ho)

L kil REES S MM Hu)ite
Eete] 87kx AAMFE o &3l ERLIIS Hist
Bfefihe 2 BEE BH32 o] & tha] fapfrpie
2 OH%ES SIS Flisled i) it
9] FfkE caponicalf #io] HEREE FETeRY ot

A el A HpTe  RFlE E-EEY Ao}
106.790] . HiT:EFRe) EHEMEE 86.84, HTEHE
E4ifii7b 59. 200 % &#ie] 81.5% 9 o= M2 ALF

o
T

oA EH# 1,230 A [EHEEA 4.21, 2.78, 2.62
2 285 80.2%4 ).

=g PEEEE kel 2% £EES S BRI 100
oA A9 EFEe R BT F AUZ B1EHEAE
5%F9] MiFkfEo]l ol B Anaptychia hypoleuca-
Anzia®] ornated] Uniono 2 F:FH5HH:e E£%74 7
IO 2EEL 8% kM E Anzig colpota-Parm-
elia marmariza Uniong o] 23 9lor}. H3LE%e
20 &0 2 Uniond Parmelia mexicana-Lobaria ori-
entalis, Physcia albicans-Anzia japowica, Parmelia
tinctorum-Peltigera dolichorrhizaz. Jehytc},

HH Bhistel A A B BUEE S=0.05
B dokont f#%e AR canonicaliHH{E
= 1ol 0.5798 RS MAHES MEEE
At T2 Hi2e 0.1102.2 EEES A7 ok

m =B

a0 MR s Aol ¥3lo] 87hx] BULIES

E 4208 Jbidl A Jitiste] Mkl KIS ST
a4 .

Sbpisl fEe]l WA RS HHE(PCA) o= ety
= o] e MR RMIE(SSA) o2 E4etg vl
=3 Mk P BfRE EEEENE o] §-3le AOC
o w H74S] GRS canonicalififi® FAMCE STH
sted Hfst g o).

el Mol VR HPTELRS B1 AR
°l 0. 579:?_/5 gy T B mEs =

& BHRE veldes o 280 IR 011002 &
E»ﬂ- EHH?E 1vh. =8 i 1, THE%3 Y
B#7%-2 canonical ot A velyke).
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