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Abstract: Alpine areas are global biomes with extreme environments and distinct boundaries. Studies on the
geography of alpine flora help us to understand the formation of flora in an extremely cold and segregated
environment, as well as the floristic relations between mountains. We integrated alpine flora data from 14
main mountain ranges in China, measured floristic similarities using the Jaccard index, and explored the per-
centage composition of areal-types of seed plants and the effects of geographical distance and environmental
variation on flora similarities using correlation analyses and Mantel tests. Results indicated that Chinese al-
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pine zones harbor a flora characterized by high species richness, with 3,670 species (including 340 subspe-
cies units) belonging to 489 genera and 65 families recorded in the alpine zone of 14 main mountain ranges.
These genera are mainly constituted of areal-types of North Temperate distribution and their sub-types, Cos-
mopolitan, Old World Temperate, East Asia and Sino-Himalayan, while the Sino-Japanese type is absent.
Those endemic to China revealed a distinct presence in alpine flora (5.2%). Based on the data from 14 alpine
zones, geographical patterns of alpine floristic composition were characterized by a significant latitudinal
decrease of tropic and East Asia areal-types, and an increase of northern temperate types. Along the longi-
tudinal gradient, the percentages of Mediterranean types decreased while the northern temperate types in-
creased, and East Asian elements peaked in the middle position. The alpine floras of 14 mountains were
significantly correlated in terms of geographical element composition when measured at the genus level,
revealing two groups of higher floristic correlations, mountains surrounding the Qinghai-Tibet Plateau and
separated northern mountains, respectively. The alpine flora of Taiwan Island is more closely related with
that of the northern mountains rather than that of the mountains found in Southwest China, which have more
comparable latitudes. We found that geographic distance was the primary factor for deviation between al-
pine floras, while the physiognomy of alpine zones also influenced floristic composition, and the maximum
temperature of warmest month (MTWM) was a critical climatic factor for geographical deviation of alpine
flora composition in China, which suggests the potential stress effects of global warming on alpine flora.

Key words: alpine zone; seed plant; floristic elements; geographic differentiation; composition similarity;

Mantel test; spatial distance; physiognomy; climate
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Fig. 1 Locations of alpine zone of 14 main mountain ranges in China
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Table 1 The basic characteristics of the 14 mountains studied

4 Ee v IRl ARV WM RGAFN T IR o Ll AR A e L T AR
Mt. name Province Summit Latitudinal Alpine  Lower limit Alpine treeline species Alpine area
(m) rang Elev. (m) (m) (ha)
Kili Mt. Tianshanl!! BrEE Xinjiang 7,439 42°18'-44°15' 2,800 1,800 T4 42 Picea schrenkiana 832,930.0
Fi /R4l Mt. Arjin® W38 Xinjiang 6,973  37°55'-39°35' 3,500 — * 3,137.6
AR Mt. Qilian®! #¥#F Qinghai 5,808  37°16'-39°19' 3,600 2,600 FBIEFA Sabina przewalskii 16,345.1
221 Mt Helant T E Ningxia 3,556  38°07'-39°30 3,200 2,600 HilE =12 P. erassifolia 755.5
K H1l Mt. Changbail® K Jilin 2,750  41°42'-42°51' 2,100 1,800 M Betula ermanii 9,063.4
HAEW Mt Wutai® L Hebei 3,061  38°50'-39°05' 2,800 2,300 HEALTES Larix 923.7
principis-rupprechtii
KHALWL Mt Taibai™ B8 Shaanxi 3,767  33°49'-34°08' 3,400 2,800 KHAZAZ L. chinensis 2,678.7
EER WG Mt Motianling®  H7f Gansu 3,837 32°39'-32°49' 3,450 2,900 FILA A2 Abies chensiensis  5,698.9
T Mt. Gonggal™ PUJIl Sichuan 7,556  29°20'-30°20' 3,800 2,700 HJEA A A fabri 68,413.9
Tl Mt Gaoligong™ Z# Yunnan 5,128 24°40'-28°30' 4,000 3,000 SRKHEATS A georgei 93,6952
var. smithii
EAF Mt Yulong™  ZE Yunnan 5596  27°10-27°15' 3,900 3,200 KA A2 A georgei 5,628.1
BEil Mt Jiaozi Z=F Yunnan 4,247 26°00'-26°10' 4,000 3,200 SRKEAES A georgei 2943
var. smithii
BiEAk Mts. Taiwan™ & Taiwan 3,998  22°36'-24°26' >3,998 3,000 BIEAF A kawakamii 3,277.2
RlgE Mt Zhumulangma#  PEJE Tibet 8,848  27°48'-29°19' 4,300 3,600 R B B. albo-sinensis var. 231,943.0

septentrionalis
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T12-13: HiENHE; T14: FEHHE,; T14SH: FE
-EDR#ESHE; T15: PESESHE.

Fig. 2 Percentage compositions of alpine flora of 14 main
mountains in China. T1, Cosmopolitan; T2-7, Tropic types;
T8-11, North temperate types; T12-13, Mediterranean types;
T14, East Asia types; T14SH, Sino-Himalayan type; T15,
Endemic to China.
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Fig. 3 Latitudinal and longitudinal patterns of the geographical elements of alpine floras
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Fig. 4 The similarity patterns of the percentage composition
of alpine floristic elements in the 14 main mountains in China
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Table 2 Mantel tests and partial Mantel tests for the correlations between the similarities of geographic elements composition and
spatial distance, environmental distance among the 14 main mountains in China
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I3 A X K HEWD yNERT JEE R Fi/R4xth #li& i Kili = DT L mETL aELk R EhETl HTEIIIZ 2
Areal-type CB WT TB MT ARJ QL TS HL GG GLG ™ ZF YL Total
1 15 17 13 18 15 19 22 12 24 31 32 32 17 20 50
2 1 1 1 2 1 4 2 3 1 1 9

3 1 1 2

4 2

5 1 1

6 1 1

7 1 2 1 3

8 54 49 47 56 34 74 84 47 90 96 85 108 72 56 190
9 2 1 4 1 1 1 10 8 10 5 2 1 19
10 6 8 7 8 12 26 3 17 24 14 23 13 9 66
11 1 1 3 5 9 5 4 7 8 2 12 8 8 20
12 5 2 10 1 1 11 3 1 20
13 1 2 4 2 1 3 5 12 3 34
14 1 1 1 6 8 7 4 2 2 19
14SH 2 5 1 7 4 16 26 5 21 17 9 47
15 1 2 1 7 8 8 2 6 4 24
Al 78 76 75 99 73 137 176 68 184 222 158 239 146 114 507
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Appendix 2 The top 10 families and top 10 genera of seed plant species number of alpine flora in the 14 main mountains in China
75 B4 Family CB #l4 Family WT #4 Family TB Fl4 Family MT %44 Family ARJ B4 Family QL Fl44 Family TS
1 popa Compositae 12 RAFL  Gramineae 22 %iEk Compositae 16 ##%Fl  Rosaceae 20 AAFL  Gramineae 29 HF} Compositae 41 F Compositae 80
2 FEHF  Ranunculaceae 10 VHLElL  Cyperaceae 20 EBEF  Ranunculaceae 13 ZF} Compositae 18 T #4EEl Cruciferae 19 AKRAFL  Gramineae 26 ARAFL  Gramineae 71
3 £PEE Caryophyllceae 8 4%} Compositae 18 AA&Fl  Gramineae 12 EBEF  Ranunculaceae 16 HF Compositae 17 EEF Ranunculaceae 26 +A{EFF Cruciferae 45
4 KRS 1ER] Ericaceae 6 FEEFL Ranunculaceae 10 FEH-YFl Saxifragaceae 8 HARE  Liliaceae 12 ¥HEL  Cyperaceae 17 HE} Cyperaceae 25 WFEALF} Papilionaceae 29
5 %kl Rosaceae 5 JEMHEL  Gentianaceae 9  VBEE}  Cyperaceae 7 AHEE Umbelliferae 12 BEACEL Papilionaceae 14 %S} Scrophulariaceae 20 EHEF}  Ranunculaceae 29
6 %2kl Scrophulariaceac 5 X 28} Scrophulariaceae 7 ZF} Polygonaceae 7 2} Polygonaceae 8  #F7#4tF} Primulaceae 8  T54LF} Cruciferae 19 JEHHEL  Gentianaceae 20
7 AJEFE Umbelliferae 5 A%} Caryophyllaceae 6  ##4Fl Rosaceae 6 APl Caprifoliaceae 6 EEFl Ranunculaceae 8  JEMHEL  Gentianaceae 19 A 1TF}  Caryophyllaceae 19
8  HARF}  Crassulaceae 4  #FHFEILFE} Primulaceae 6 AEF}  Umbelliferae 6  TA5HEl Juncaceae 6 #Fl  Rosaceae 7 WOEAER} Papilionaceae 15 VELEl  Cyperaceae 19
9  WEEIER Papilionaceae 4 T FH{EFF Cruciferae 5  fi#kl  Amaryllidaceae 5 JRHF| Saxifragaceae 6 ATTRl  Caryophyllaceae 4  Ai7T#l  Caryophyllaceae 13 JEJER}  Labiatae 19
10 EF Polygonaceae 4  #4%F} Rosaceae 5 T54EF} Cruciferae 5 % 2%} Scrophulariaceac 6 | Chenopodiaceae 4  #%#kFl Rosaceae 12 ZZ#l  Scrophulariaceae 17
MBHEL Total species number 111 144 128 172 157 338 492
B4 Family HL #}4 Family GG R4 Family GLG %}44 Family TW R4 Family ZF R4 Family YL R4 Family Iz
1 ARAEL Gramineae 18 %kt Compositae 44 F-HSTEEL Ericaceae 106 #Ft Compositae 49 HjFl Compositae 105 %} Compositae 80 HiFl Compositae 28
2 WHEL  Cyperaceae 12 EEFl Ranunculaceac 38 ZiF} Compositae 102 2F Orchidaceae 32 Rl Rosaceae 60 %Z%}  Scrophulariaceae 43 JEHEl  Gentianaceae 24
3 AT Caryophyllaceae 8 JEH-HFl Saxifragaceae 30 kAl Rosaceae 67 ARAFL  Gramineae 30 TAER Cruciferae 47 FLRYFER} Ericaceae 36 EEFl Ranunculaceae 19
4 HFE Compositae 8 TRl Rosaceae 29 EEF} Ranunculaceae 61 #H#%F} Rosaceae 26 WEJEAER} Papilionaceae 45 FEHEFI Ranunculaceae 33 FHUFl  Rosaceae 19
5 EHF  Ranunculaceae 8 VFHLEL  Cyperaceae 25 ZZ#F}  Scrophulariaceac 50 EEFl Ranunculaceae 24 EEFl Ranunculaceae 45 JEHHE} Saxifragaceae 32 T -fEF} Cruciferae 17
6 WAl Rosaceae 8  FLRYTER} Ericaceae 24 JeHE}  Gentianaceae 44 PHEL Cyperaceae 19 ARAFL  Gramineae 39 1 FIER} Cruciferae 29 Aif7Et  Caryophyllaceae 16
7 TR Cruciferae 5 HAF  Liliaceae 24 #REIEF} Primulaceae 44  BEEPRF Dryopteridaceae 16 ¥5HE}  Cyperaceae 38 JEMHE}  Gentianaceae 28 FLRS{EEL Ericaceae 16
8  JufHE}  Gentianaceae 5 AKAElL  Gramineae 22 =R} Orchidaceae 43 X2kl Scrophulariaceae 15 %%}  Scrophulariaceae 37 #R&E{LF} Primulaceae 27 @JEFE Umbelliferae 15
9 HR} Polygonaceae 4 <JEFL  Umbelliferae 22 F7%}  Caryophyllaceae 32 £i71El  Caryophyllaceae 14 JEH %%l Saxifragaceae 32 JEEL  Umbelliferae 22 KAF}  Gramineae 13
10 %XZFl  Scrophulariaceae 4 %X %%}  Scrophulariaceae 21 JEH #F} Saxifragaceae 31  JEAHE}  Gentianaceae 12 #R&EALF} Primulaceae 29 f1El  Caryophyllaceae 20 %X ZFl  Scrophulariaceae 13
SFIE Total species number 112 496 944 403 826 522 285
JE % Genus CB B4 Genus WT J84 Genus TB &% Genus MT &4 Genus AR] B4 Genus QL B4 Genus TS
1 B3kJE  Aconitum 4 HYEE  Carex 15 WEHE Saussurea 6 5% 8 Pedicularis 6 HHJE Carex 8  WEHIE Saussurea 15 %Jil& Draba 21
2 FHYJE  Rhododendron 4 W EHRE Saussurea 7 BE Allium 5 B3] Polygonum 6 HEKIE Poa 8 LR Pedicularis 13 WS8R Oxytropis 21
3 F1JE  Dianthus 3 R Pedicularis 6 BYE Carex 5 ZWi KR Potentilla 6 %8 Kobresia 7 BYEE  Carex 12 FKJE Poa 20
4 JMMJE  Gentiana 3 JMJE  Gentiana 5 EJWi® Draba 4  EHE  Anaphalis 5 BYJE  Oxytropis 7  JKMHE  Gentiana 10 BX¥JE  Carex 15
5 3] Polygonum 3 HEKJE Poa 5 SR Pedicularis 4 HUETE R Anemone 5 Vil Draba 6 wYJE  Kobresia 10 415 KJ& Rhodiola 12



6 Mg Salix

7 WEHE Saussurea
8  FEKIB Aquilegia
9 WEXKFEIE Cardamine
10 HEFE
SFPH Total species number

Carex

RS Genus
1 BHIE  Carex
2 KB Poa
3 W& Potentilla
4 #5JE  Kobresia
5 g Polygonum
6 AR Anemone
7 )58 Draba
8 EEJE  Ranunculus
9 BLI®  Stellaria
10 A& Allium

%l Total species number
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EEJE  Ranunculus
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MR Roegneria
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