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Abstract; Taking coverage as an indicator, saxicolous crustose lichen community on northern slope of
Bogda Mountain in Xinjiang were classified by using two-way indicator species analysis ( TWINSPAN)
and detrended correspondence analysis ( DCA) methods. Species similarities of each association were
analyzed by using similarity coefficients of Sgrensen and Jaccard, and relationship of species distribution
of saxicolous crustose lichen community with environmental factors was studied by using canonical
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correspondence analysis ( CCA) method. The results show that 21 saxicolous crustose lichen species
belonging to 13 genera in 7 families of 3 orders are identified from 15 plots in tested area in total, in
which only coverage of 4 species is higher than 7%, while coverage of other species is lower than 5%.
According to TWINSPAN and DCA analysis results, saxicolous crustose lichen community can be
classified into 4 associations, including Assoc. Aspicilia astatica + Lobothallia alphoplaca + Myriolecis
hagenii ( Assoc. 1), Assoc. Lecanora kukunorensis+Aspicilia sublaqueata ( Assoc. 2) , Assoc. Rhizocarpon
geographicum + Rhizocarpon viridiatrum ( Assoc. 3), and Assoc. Protoparmeliopsis muralis + Lecidea
subconcava ( Assoc. 4), which contain 15, 11, 9, and 18 saxicolous crustose lichen species,
respectively. There are evident differences in species similarity and diversity of each association. Species
similarity between Assoc. 1 and Assoc. 4 is the highest, and similarity coefficients of Sgrensen and
Jaccard are 0. 441 and 0. 650, respectively; species similarity between Assoc. 1 and Assoc. 3 is the
lowest, and similarity coefficients of Sgrensen and Jaccard are 0. 294 and 0. 227, respectively. Shannon-
Wiener diversity index from Assoc. 1 to Assoc. 4 is 1. 483, 1. 804, 0.318, and 2. 954, respectively. The
CCA analysis result show that contribution rates of axis 1, axis 2, and axis 3 are 30. 0%, 22.4%, and
17.5%, respectively, including 69.9% of the total information; correlation coefficients of species
distribution with environmental factors are 0. 980, 0. 940, and 0. 873, respectively. Axis 1 shows positive
correlations with slope, altitude, light degree, and human disturbance degree, but negative correlations
with rock length and aspect, and the correlation with slope is the highest; axis 2 shows positive
correlations with rock length and light degree, but negative correlations with altitude, slope, aspect, and
human disturbance degree, and the correlation with aspect is the highest; axis 3 shows positive
correlations with altitude and light degree, but negative correlations with slope, aspect, rock length, and
human disturbance degree. It is suggested that species distribution of saxicolous crustose lichen
community on northern slope of Bogda Mountain in Xinjiang are mainly affected by aspect, slope, rock
length, and light degree, while human disturbance degree and altitude have no obvious effect.

Key words: Bogda Mountain in Xinjiang; saxicolous crustose lichen; community structure; community
characteristics; species diversity ; environmental factor
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Table 1 Status of plots of saxicolous crustose lichen community on northern slope of Bogda Mountain in Xinjiang

Rt g5 T/ m YepE/ () et AAKE/em  SEIERRE AR TR
No. of plot Altitude Slope Aspect Rock length Light degree Human disturbance degree
1 2030 2.44 Pt Northwest 109 4% Medium i Strong
2 2 130 4.49 7R Southeast 175 459 Relatively strong fF 4% Medium
3 2270 8.18 P4t Northwest 270 146 Medium 14§ Medium
4 2 280 5.33 T South 105 B Strong JG None
5 2 180 2.31 PGt Northwest 134 H145 Medium 58 Strong
6 2 160 4.53 7R Southeast 198 15k Relatively strong FR4E Medium
7 2 055 2.63 Pt Northwest 112 4% Medium i Strong
8 2 065 2.47 Pt Northwest 145 & Medium i Strong
9 2 180 4.68 7R Southeast 168 455 Relatively strong 4§ Medium
10 2 075 2.24 P4t Northwest 123 145 Medium i Strong
11 2 350 5.61 B South 98 i Strong JG None
12 2205 8.49 P43t Northwest 220 1145 Medium H14E Medium
13 2230 8.74 P44t Northwest 237 H145 Medium FF 4% Medium
14 2 380 5.45 B South 115 il Strong JG None
15 2 405 5.53 T South 110 i Strong JG None
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Table 2 Species composition and coverage of saxicolous crustose lichen community on northern slope of Bogda Mountain in Xinjiang

Al Family J& Genus i Species TG/ % Coverage
257t H Lecanorales
FFEAF} Bacidiaceae FFAK & Bacidia #EAEFFIAR Bacidia bagliettoana 2.17
LA JE Toninia 2= PBYUEE A Toninia coeruleonigricans 1.78
Z AP} Lecanoraceae 258 Lecanora BILW Lecanora accumulata 3.23
HMFZTL Lecanora kukunorensis 10.75
Wi FC IR AR5t Lecanora swartzii 2.41
ZREAE Myriolecis INZ LA Myriolecis hagenii 1.52
JEZ5HE Protoparmeliopsis 1% R MG Protoparmeliopsis muralis 9.52
INMIA R Lecidella P R/NAK Lecidella euphorea 4.51
AP} Lecideaceae A& Lecidea WA Lecidea subconcava 2.54
PELLNA Lecidea tessellata 1. 65
o A<F} Rhizocarpaceae HLEI A& Rhizocarpon LRI EI A Rhizocarpon viridiatrum 3. 64
HiEIAK Rhizocarpon geographicum 8.43
XY Rz A H Pertusariales
KAAFL Megasporaceae SRR Aspicilia DIAR A5 Aspicilia asiatica 7.54
£ 2535t Aspicilia bohlinii 2.31
SRR Z Aspicilia sublaqueata 4.25
EHIAKJE Megaspora INIEB A Megaspora verrucosa 1.37
YR AR Lobothallia YRS A Lobothallia alphoplaca 3.61
HERACH Teloschistales
R AR Teloschistaceae FAKJE Calogaya HRIFEFEA Calogaya ferrugineoides 4.13
INEAK Calogaya pusilla 2.33
WAL Physciaceae YA & Rinodina ALY A Rinodina bohlinii 1.26
SEYETAK Rinodina demissa 1.94
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D=1|N=15
D=2 |N=11
D=3 | N=3 D=3 | N=4
3,12,13 4,11,14,15
Rgeo Pmur
D=4 | N=8 Assoc. 3 Assoc. 4
D=5 | N=5 D=5|N=3
1,5,7.8,10 2,6,9
Aasi Lkuk
Assoc. 1 Assoc. 2

D. /2% Classification degree; N. FEHBEL Plot number; J7HEH 1Y
BF NFEHLYR S The numerals in the box are Nos. of plots; ITAER 45
B3N 535 i K $E 7R A The abbreviations in the box represent the
indicator species with the highest coverage. Rgeo: M [l 4K Rhizocarpon
geographicum (Linn.) DC.; Pmur. Vot Y 53 Protoparmeliopsis muralis
(Schreb.) M. Choisy; Aasi: W.YHNFZST Aspicilia asiatica (H. Magn.)
Yoshim. ; Lkuk . FFE A0 Lecanora kukunorensis H. Magn. Assoc. 1; i
YA 25 350 + B R 2 K + /N 2 8 K BE D\ Assoc. Aspicilia asiatica +
Lobothallia alphoplaca+Myriolecis hagenii; Assoc. 2. A+
ZKIBREM Assoc. Lecanora kukunorensis+Aspicilia sublaqueata; Assoc. 3;
HLE A+ LR B EI A TE M Assoc. Rhizocarpon geographicum+Rhizocarpon
viridiatrum; Assoc. 4. A1 4% J& 25 M + W M W K BE M Assoc.

Protoparmeliopsis muralis+Lecidea subconcava.

E 1 FEEEE LIRS mER R R EE D 15 MR N EE
SRS HT ( TWINSPAN) 43 24K B

Fig. 1 Classification dendrogram of two-way indicator species
analysis ( TWINSPAN ) of 15 plots of saxicolous crustose lichen
community on northern slope of Bogda Mountain in Xinjiang
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Bbag : #EAEATHIAK Bacidia bagliettoana ( A. Massal. et De Not) Jatta; Tcoe: WA Toninia coeruleonigricans ( Lightf.) Th. Fr.; Lacc: RZKt
Lecanora accumulata H. Magn. ; Lkuk . 45 Lecanora kukunorensis H. Magn. ; Lswa: Wi FUIG 2K Lecanora swartzii (Ach.) Ach.; Mhag: INE AR
Myriolecis hagenii (Ach.) Sliwa, Zhao Xin et Lumbsch; Pmur: £ 3552546 Protoparmeliopsis muralis (Schreb.) M. Choisy; Leup: TEH/NMIAK Lecidella
euphorea ( Florke) Hertel; Lsub; V[V A Lecidea subconcava H. Magn. ; Ltes: BELSL A Lecidea tessellata Florke; Ruvir: %% 22 b [F K Rhizocarpon
viridiatrum ( Wulfen) Korber; Rgeo: Mi[EI4< Rhizocarpon geographicum (Linn.) DC.; Aasi: WIMF-2575t Aspicilia asiatica (H. Magn.) Yoshim. ; Aboh : £,
[CSF- 25958 Aspicilia bohlinii (H. Magn.) J. C. Wei; Asub. H#IF-A%75 Aspicilia sublaqueata (H. Magn.) J. C. Wei; Mver: /INJEE fI4< Megaspora verrucosa
(Ach.) Hafellner et V. Wirth; Lalp: ¥HRMASAK Lobothallia alphoplaca (Wahlenb.) Hafellner; Cfer: 2545 354K Calogaya ferrugineoides (H. Magn.) Arup,
Frodén et Sgchting; Cpus: /NEA Calogaya pusilla (A. Massal.) Arup, Frodén et Sgchting; Rboh : fIGHF T4 Rinodina bohlinii H. Magn. ; Rdem ; &

F4K Rinodina demissa ( Florke) Arnold. K5 e Y% 5 The numerals in the figure are Nos. of plots.

B2 FEEEE LA E B E R R E R R B E R X 54T (DCA) Z4EHEF B
Fig. 2 Two-dimensional ordination diagram of detrended correspondence analysis (DCA) among species and plots of
saxicolous crustose lichen community on northern slope of Bogda Mountain in Xinjiang
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Table 3 Characteristics of four associations of saxicolous crustose lichen community on northern slope of Bogda Mountain in Xinjiang

. 4 2R o T4 T8 VA R 7 S
gy FHREC O BER% e (o) e Kl/em IR Human
NNRT) Plot D Total ) . o 5 . . o
Association Average Average Aspect Average Light degree disturbance
number coverage .
altitude slope rock length degree
Assoc. 1 5 15 14.13 2 053 2.41 Pt Northwest 125 £ Medium 5 Strong
Assoc. 2 4 11 10. 46 2 157 4.57 Z<F Southeast 180 50 Relatively strong  H1%F Medium
Assoc. 3 3 9 9.26 2 200 8.47 P4t Northwest 242 H145 Medium 1145 Medium
Assoc. 4 3 18 19.23 2353 5.47 4 South 107 5 Strong Fo T4 None

D Assoc. 1. WIMEZE B+ RS AR + /N FEARBEM Assoc. Aspicilia asiatica+Lobothallia alphoplaca+Myriolecis hagenii; Assoc. 2 TR+ F
ZSTRBEM Assoc. Lecanora kukunorensis+Aspicilia sublaqueata; Assoc. 3 bR + S B b B AR BE AN Assoc. Rhizocarpon geographicum + Rhizocarpon
viridiatrum ; Assoc. 4 A1 ARG+ A FEM Assoc. Protoparmeliopsis muralis+Lecidea subconcava.

2 D. Patrick #5%K Patrick index.
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22,2 BAMFEAMMERSHERES R
Sgrensen AHAUME REOF Jaccard AHABLTE: Z2 500K i it 1
kR L b3 AR 7R A TE TS 4 DS FEA RS FP A
U T AT S5 R L 4,

FHER 4 AT UL .4 S HE AR 28 AR AL 22 S 0T
Hi BE 1 5HEM 4 19 Serensen AH L4 R BN
Jaccard AHRLIE R B B, 7090 0 0. 441 F1 0. 650,
UEEH X 2 AN A T] RS AR U B 5 5 T AE AN 1 S5

I\ 3 1) Sgrensen AHAUME R ECFN Jaccard AHAIYE R £
A, 43314 0. 294 F10. 227 , BEHTIX 2 AN ] (4 il
AP

A, &8 A IY Shannon — Wiener 22 PR 45 £t
B KESR, Hp #EM 4 #) Shannon—Wiener £ Ff
PERE B R, hg 2. 9545 BEMN 1 BEM 2 FIBEA 3 1
Shannon — Wiener 2 £ £ 35 %043 5l 7 1. 483 1. 804
0.318,

F4 FEEEE LA T A SRR EEE 4 B Serensen 11U R EFN Jaccard 18 1LE R Y

Table 4 Similarity coefficients of Sgrensen and Jaccard of four associations of saxicolous crustose lichen community on northern slope of Bogda

Mountain in Xinjiang!

AN[FFE A Sprensen FHABIPE 25X

ANTRIHE DA TE] £ Jaceard AH{RLIE R 5K

HELA Sgrensen similarity coefficient among different associations Jaccard similarity coefficient among different associations
Association
Assoc. 1 Assoc. 2 Assoc. 3 Assoc. 4 Assoc. 1 Assoc. 2 Assoc. 3 Assoc. 4
Assoc. 1 1. 000 1. 000
Assoc. 2 0. 409 1. 000 0.529 1. 000
Assoc. 3 0.294 0.333 1. 000 0.227 0.263 1. 000
Assoc. 4 0. 441 0. 408 0.372 1. 000 0. 650 0.526 0.421 1. 000

D Assoc. 1. WYL+ ISR + /N FEARBEM Assoc. Aspicilia asiatica+Lobothallia alphoplaca+Myriolecis hagenii; Assoc. 2: H T I+ E
it ﬁi)‘)\ Assoc. Lecanora kukunorensis+Aspicilia sublaqueata; Assoc. 3: M A + %% J2 Wi Rl A FE A\ Assoc. Rhizocarpon geogmph icum+ Rhizocarpon
viridiatrum; Assoc. 4 A1 15 JRIARG+E M A FE I Assoc. Proloparmelwpus muralis+Lecidea subconcava.

2.3 HEMNMESGRESHRERFTHXER

BB A 1L b3 A T A S bR b A R 1

BT (CCA) HEFF 45 R W3R 5 HE M BRI 7 5
CCA T1F 3 NHEF AR SR T 45 2 L3 6 4 i A=
SEARHAHE IS (AN 2 7070 S5 9B R 71 CCA 4 HE
FREILIE 3,

H& 5 AT L. CCA %8 1. %68 2 FI5H 3 HEF il iy 4y
fIE{EL 301 A7 0. 649 0. 486 F1 0. 380; 51 #ik 2 53 il A
30. 0% .22. 4% F1 17. 5% , 1 & S5 B = 69. 9% ; Ff
AT 5 PR 5T R B A ¢ R0 R 0.980 0. 940
F10. 873, BLH] CCA HEJF 5l 5 I R T tELs & 1
JEE R A Ay R b S R 2R A A S PR TR R G R HE
BT LIETN

H13% 6 AT UL CCA 58 1 HEF IS 3 fER DB
FEEER N YRR S IE AR O 15 A 1B I 1)
EHSE, AU ARG fRe e, FHOC R KON 0. 9385

x5 ¥ﬁ5_1‘$$§ e s mEFT R RBEZN AT E S0
(CCA) HEFF 45

Table 5 Ordination result on canonical correspondence analysis
(CCA) of saxicolous crustose lichen community on northern slope of
Bogda Mountain in Xinjiang

. iy TR/ % BRI SRR %
ﬁFAEZ il E'h {JJ_‘T? Contribution Cumulative RV
s lgenvalue rate contribution rate
1 0. 649 30.0 30.0 0. 98033
2 0. 486 22.4 52.4 0. 940 %
3 0. 380 17.5 69.9 0. 873 %%

DR MK RS IREE T I HI 5 R 2L Correlation coefficient of lichen

species with environmental factors. ##; P<0.0lI.

F6 FBERXLICHERER KM KEZNBEII LA (CCA)HT 3 MHEFMSRERFRHEXRE
Table 6 Correlation coefficient of the first three ordination axes of canonical correspondence analysis ( CCA) with environmental factors of
saxicolous crustose lichen community on northern slope of Bogda Mountain in Xinjiang

R E5HEEHFRMEERED  Correlation coefficient with environmental factors"
Ai: R WeE Peray HORKE JEHEFRE N TR
Altitude Slope Aspect Rock length Light degree Human disturbance degree
0.302* 0. 938 =0.461* -0.245 0.215 0.134
2 -0. 058 -0.201 =0. 757 %% 0.175 0.153 -0. 007
3 0. 320 -0.076 -0. 399 -0. 349 0.319: -0.249

D s, P<0.05; =%, P<0.0l.
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Fig. 3 Two-dimensional ordination diagram of canonical correspondence analysis ( CCA) between species and environmental factors of
saxicolous crustose lichen community on northern slope of Bogda Mountain in Xinjiang
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