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ABSTRACT

The cluster analysis on the distribution of epiphytic lichens on the north, south, east and west slope of
Mt. Hanra was carried out by three methods, sum of square algorithm(SSA), principal component analysis
(PCA) and multidimensional scaling method(MDS). Analysis of concentration(AOC) was used for the
comparison between the lichen communities of north and south slope.

The lichen species was identified 35 species by Hale and Culberson technique. The classification of sites
by SSA method was divided into two areas in four slopes, and that of species by SSA, PCA and MDS
methods was classified into three clusters in east slope, four clusters in south and west slope, and three
clusters in north slope.

The comparison between north and south slope of the distribution of lichens indicates that high elevation
of north slope (NH; 1600m~1900m) was similar to that of relative low elevation of south slope (SL; 1000m
~1300m). The genus lichen, Anaptychia, Parmelia, Lobaria and peltigera was found as the dominant genus

in both slopes.
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Table 1. The list of lichen species collected in Mt.

Hanra
Family Genus - Species
Buelliaceae Buellia Buellia aethalea

Buellia canescens
Graphidaceae Graphis Graphis elegans
Lecanoraceae Lecanora Lecanora campestris
Lecanora muralis
Parmeliaceae Cetraria Cetraria chlorophylla

Cetraria nivalis

Hypogymnia Hypogymnia physodes
Hypogymnia tubulosa

Menegazzia  Menegazzia terebrata

Parmelia Parmelia caperata

Parmelia conspersa
Parmelia crinita
Parmelia pastillifera
Parmelia perlata
Parmelia revoluta
Parmelia sazatilis
Parmelia soredina
Parmelia subrudecta
Peltigeraceae Nephroma Nephroma laevigatum
Peltigera Peltigera cania

Peltigera polydactyla

Petusariaceae  Pertusaria Pertusaria flavida

.

Pertusaria pertusa

Physciaceae Anaptychia Anaptychia fusca
Anaptychia obscrata
Physcia Physcia grisea
Physcia leptalea
Stictaceae Lobaria Lobaria laetevirens
Lobaria pulmonaria
Teloschistaceae Caloplaca Caloplaca chlorophylla
Caloplaca decipens
Caloplaca heppiana

Caloplaca sazxicola

Caloplaca thalincola
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Table 2. The coverage of lichen in different slops (E,S, W, N) of Mt. Hanra
Cover scale by Daubenmire method (1959)

Species
Anaptychia fusca
Anaptychia obscrata

Buellia canescens
Buellia aethalea
Caloplaca heppiana
Caloplaca saxicola
Caloplaca thalincola
Caloplaca decipens

Caloplaca chlorophylla

Cetraria nivalis
Cetraria chlorophylla
Graphis elegans
Hypogymnia tubulosa
Hypogymnia physodes
Lecanora muralis

L ganora campestris
Lobaria pulmonaria
Lobaria laetevirens
Menegazzia terebrat
Nephroma laevigatum
Parmelia perlata
Parmelia revoluta
Parmelia subrudecta
Parmelia sazxatilis
Parmelia pastillifera
Parmelia crinita
Parmelia caperata
Parmelia sorediana
Parmelia conspersa
Peltigera cania
Peltigera polydactyla
Pertusaria flavida
Pertusaria pertusa
Physcia leptalea

Physcia grisea

wl Anaptychialiy st Peltigeralg?)
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Table 3. The cluster separated by various methods. symbol A, B,C and D indicate clusters and
O means that the species don’t include in any cluster, and E, S, W and N mean east, south,

west and north slope

_— Method SSA PCA MDS
— — | L
Species ‘\\\.‘\\m ESWN ESWN ESWN
1. Anaptychia fusca A—AA A—AA A—AA
2. Anaptychia obscrata BAAA BAAA BAAA
3. Buellia canescens ABB— ABB— BCB—
4. Buellia aethalea ABD— OBO— 0AO0—
5. Caloplaca heppiana —~——B ———B —~——B
6. Caloplaca saxicola CB— CA—— CA——
7. Caloplaca thalincola CBD— BBD— CAD—
8. Caloplaca decipens AB—A AB—A AA—O
9. Caloplaca chlorophylla AADA AODA AADA
10. Cetraria nivalis —CAB —CAB —0AB
11. Cetraria chlorophylla ADAB OAAQ AOAO
12. Graphis elegans CADC CADC CADA
13. Hypogymina tubulosa ADD— ADD— OCD—
14. Hypogymnia physodes ——DB ——DB ——DB
15. Lecanora muralis CBAB BBAB CCAB
16. Lecanora campestris BBA— CBA-— BCA—
17. Lobaria pulmonaria CBCA CBCA CACA
18. Lobaria laetevirens CC—A BO—A BO—A
19. Menegazzia terebrata CBA— CBA— CCA—
20. Nephroma laevigatum AADA OBOA AADA
21. Parmelia perlata —BDB —ADB —BDB
22. Parmelia revoluta C—AC C—AC C—AC
23. Parmelia subrudecta ——ARB ——BB ——AB
24. Parmelia sazxatilis CAAB BABB BBOB
25. Parmelia pastillifera BA—A co—¢ OA—A
26. Parmelia crinita —BAA —AAA —~BAA
27. Parmelia caperata —DCC —DCO —CCB
28. Parmelia sorediana CB—C CB—C CA—B
29. Parmelia conspersa B—BA C—BO B—0O0O
30. Peltigera cania CCAC CCAC cooc
31. Peltigera polydactyla ABDC OBDC ACDC
32. Pertusaria flavida BB—A BB—A BC—A
33. Pertusaria pertusa —DDBRB —DDB —CDB
34. Physcia leptalea C—CB C—CB C—CB
35. Physcia grisea CDBC CDBC CCBC
prychialig 2t Physcial§ol %o W, #% D 108 ALEE-S 3o ko] viehb e MK Al e
o5 Hypogyminalfist Nephromalfsl 2] [HHie] %  #ol(NL), #% Bl CE& %2 A9 (NH)o =4
gt vl (Fig. 4). 4% A 1fie% Anaprychias
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Fig. 1. Dendrogram of 27 lichen species in east
slope. The classification by sum of
square score, 300, in SSA method.
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Fig. 2. Dendrogram of 28 lichen species in south
slope. The classification by sum of squ-
are score, 300, in SSA method.
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Fig. 3. Dendrogram of 28 lichen species in west

slope. The classification by sum of squ-
are score, 300, in SSA method.
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Fig. 4. Dendrogram of 28 lichen species in north
slope. The classification by sum of squ-
are score, 300, in SSA method.
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Parmelia pastillifera’} Yijkel o5+ gabvh.
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HLRbs oy SR ORI ) 50. 8%, THHHMe] 42.8%,
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=g Fig. 6ol Aok zre] 30yl 7l A Ldk
dho i PHIE, A 2 ERE AR e BULHE
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Fig. 5. The clusters of lichen species separated on first and second component by PCA method.
The percentage within a parenthesis indicates the clustering efficiency.
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ol 4% Bk <rele] SSAp:, PCAikLel
s} RISl e

PERHEA2 4] kel WisrE sz, vk x| o (WL)o
B C Dok #8352 A (WH)el #% A, Brt
“robgleh. ol iz PCAM#= vb&  fhffiolo, SSAp:s}
u] S=F) vh.

ACHHA 2 3O Hidhel WisrE sz, we Aol (NL)oj

Azl %e Ao

-2 % 9 (SH)
o g dedpla sy

b, N)<
A ke M 0o m &

Wk AV Fds, e Al (NH)O ik B,Cob %
kgl v} szln,ef}o SSAiksb PCAfhel o3 st
u] s=2k9l vt (Fig. 7).
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Fig. 6. Stereogram of lichen species based on first, second and third component computed by PCA
method. The percentage number of each side indicates clustering efficient. Stereoscope is

used for the three dimensional configuration.
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Fig. 7. The clusters of lichen species classified with two axis calculated by MDS method. The
percentage within a parenthesis indicates the stress.
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Fig. 8. Three dimensional diagram based on the results of MDS method.
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Table 4. The species and sites are rearranged according to sum of square algorithm for the com-
parison between the lichen communities of north and south slope

Site cluster

NL NH SL SH

Species cluster

Buellia canescens

Buellia aethalea
Lecanora campestris ~ seeeseessesr esemseeens enieeeneen cer 2271 .-
Caloplaca thalincola ~  eeeseererens e 15eeraceane 12000 2 en
Caloplaca saxicola = e e e 43ereeeeenn
Menegazzia terebrata ~ eeeeeeenese seseesenn doorernnnn eedferenns
Hypogymnia tubulosa — creeesses e s e 424
Hypogymnia physodes B U O
Parmelia subrudecta 23 IR T R P PTRPLT PP
Lecanora muralis 121 veeeer ereeeeeaeen
Caloplaca heppiana 13142 ---
Physcia leptalea S e 3641
Peltigera polydactyla ~ «eeees D43 ereseeresens sesiensaeens 12eeenee 2

Parmelia revoluta = e B25  esesereeenes ecsmseresess enesesessses
Pertusaria pertusa Bleevesasan  eeesesersies essesesssss seeees 2918

Physcia grisea  eeeeeeens 53 §errvrnner  eemeeenseee e 334

Cetraria nivalis e 7322 eeveeseenies en B enenes et 935 .-
Cetraria chlorophylla 378443100 eeeessesenes asaiesees 98 e 439
Parmelia perlata 45ner G oee
Parmelia sazxatilis cer D34 eee sesesesssees essereses 34 4orereranns
Parmelia crinita cee]Breenes 148 +vreee booreenin 4 Becrerunes
Parmelia caperata 82 +00 437 eesessrenens eemsieeisses aneees 361
Parmelia sorediana AGeesees 46 eresereseens Bharenenaen R RITTe
Peltigera cania e 67 eeeeveerenns 634 1ereeer R S

Anaptychia fusca
Anaptychia obscrata 0 e e 2654 eeeeeenes 31 Lrerees 3
Lobaria pulmonaria  seeeesees e 556 141 erere sseeesianns
Pertusaria flavida =000 seeeseeenee e 165 ereessrsese eeeenaies 21
Nephroma laevigatum —  seeeevienes e 1143 238 eeveer  eseees e

Parmelia conspersa D e eree TOE8  weeeveeemes eeeeneines
Caloplaca decipens D13 reeerr eeeeee 37+ Tlovnvenees
Caloplaca chlorophylla ~  eeeeevnceean 0 enene 112 eeeees 282
Graphis elegans ~ eeeeeeens 4 Fererenens 4 eeseenens 41
Parmelia pastillifera = ceeeeees 13 Dheerenneen A5G ceerer eeseeneaen
Lobaria laetevirens — seseeenesens 914 wverer eeeens GAG  eeeereneeees




Table 5. Joint frequencies of the four site clusters (NL, NH, SL,SH) and the species three clusters
(A, B,C) in north and south slope

Slope North Sorth
<. Elevation Low High Low High Total

T— (1000m~ (1600m~ (1000m~ (1400m~
Species cluster™.|  1500m) 1900m) 1300m) 1900m)

A 15. 564 1. 668 5. 836 14. 452 37.520

B 30. 017 5. 003 23. 346 18.899 77. 265

C 5. 660 41. 235 25. 469 4. 851 77. 215

Total 51. 241 47. 906 54. 651 38.202 192. 000

Table 6. Canonical score and correlation for species and site clusters in Table 4.

Species cluster Site cluster :
Canonical variate Sgrnr(:i::tzi%n
A B c NL NH SL SH
1 —1.06 —0.69 1.21 -0.96 1.50 0.25 -—0.95 0.622
I -1.73 1.00 -—-0.16 0.33 —0.71 1.28 —1.38 0.131

Table 7. The expected deviation from canonical first variate revealed significant value (95%). A
and B clusters indicate the same trend in variation among blocks

\

Site NL NH SL SH
Species\
Cluster A 6. 29 —9.21 —~1.74 4. 66
Cluster B 8. 52 —12.47 —2.34 6. 30
Cluster C —14.81 21.68 4.08 —10.96
wit MDSi g 3kel =R o 9 3 (configura- HeihIm 5y BH 2 (Table 8)ol A ¢} zbe] dtflEe 3

tion)o] EAitiE &= stress g AAEs §- SSAjkol 76%, PCAmol 51.8%, MDSikel 8%2
(Kruskal, 1964; Fewster and Orloci, 1983) kT2 A el ony, WRHEY 72 S SSApid 70%, PCA
2 fi%l(ordination) st %% Eostgd el o we ol 42.8%, MDSHo] 14%= vl #& 582 1}

PAHE Sge ol SWx, BAREE @l 4445 ¥ Hllh
2 Af% veERd BALplE-e Higstl st SIS 9%
Table 8. The efficiency of clustering method on HUPIIR(AQC) & SUCERSE Ml FifkBARI T
each slope Ml = RS BRSRE FHErst v (Gittins, 1979)
ol & wHsle B BEXRS MM BEHES H%
Side SSA PCA MDS o 2 |43k blockzke] W (C=x/F. . min(r—1,
Fast 59% 50. 8% 10% C/:_rl\))st T/L’%ﬁﬂw I:‘hs}‘l— ‘I,Ei lﬂ.%ﬂ A EH
South 0% 12.8% 14% 1{;7,;){&;; AEdle] a4 skA sk (Feoli and Orloci,
West 76% 48. 0% 11% 2 el *1 C=0.200.2 #7459 B ot
North 76% 51. 8% 8% N T A
TR 2 A 1w gko] 0.622(95%) 8 So3to gz o
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of A& SIS A& v (Table 7).

Bt kY SHT WikEe e Ao (8
& 1000m~1300m) =} LR -2 * o (HEF51600m~
1900m)o] 7% A, Bo] MiRE o] vl =8 onl, Anap-
tychial, Physciafg, Lobarialfj, Peltigeralfi9l %%

3
o] ¥ %3t
w =

WS B 1000mel A T EZEA] TR LR o
A 100m ZhA e 2 10fEiAT (28 400 D E A4
aho] miFAAYS RStz Haleliow FES FIESIA
t}(Table 1).

WY EHEY B EREARAE(SSA), kX
¥k (PCA), #RITHERES#1#:(MDS) 02 34 39
oo, WALRIES SN ke TSk 4F
Q EHESHE(AOC) o2 SH7ekel ot

WP Rt & BEmets B2 A L2
Adoz HosEglen, shikhdy 8 £RS BDY
ol w2 Aolglol HPIE-S MM, THRHE-L 404,
TR S 4, JdLRNES 3 ko R B

B S o Hsel A jefrel fdhfe] i
BEEE C=0.200.2 A veskor, RS
2 EEEgE S A 19l ako] 0.622(95%) % HiElke] &
gtk ol wi et #ifhoi#e mRlEe we A9 (SL;
1000m~1300m) 3} JLPES w- =19 (NH; 1600m~
1900m)o] ) =3 HATEEAES el o], Anaptychia
JB, Physcialf, Peltigeralii, Lobarialfj®
Stet
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