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Abstract: The relationship between vegetation and the environment is one of the fundamental questions in understanding
plant species composition and community distribution along an environmental gradient. Understanding vegetation-
environment correlations may help predict possible shifts in plant communities in response to climate and land use changes.
There are 48 million hm® of natural grasslands on the Northern Tibetan Plateau, accounting for 59% of the total grassland
area in the Tibet Autonomous Region. However, these alpine grasslands are threatened by global climate change and intense
human activities in recent decades, and are now widely degraded. Quantitative classification and ordination are important
methods in examining the internal classification of plant communities, characteristics of their associations, and in revealing
the ecological relationships between vegetation and the environment. TWINSPAN classification and DCA-CCA ordination
were used to conduct a classification and ordination of the plant communities of 29 plots in the northern Tibetan grassland.
Our results indicate that: (1) northern Tibetan alpine meadows are classified into 10 associations: Stipa purpurea + Festuca

nitidula + Carex ivanovae; Stipa purpurea + Carex twanovae; Stipa purpurea + Leontopodium nanum; Kobresia pygmaea;
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Kobresia pygmaea + Stipapur purea; Stipa purpurea; Stipa purpurea + Blysmus sinocompressus + Oxytropis ; Stipa purpurea +
Heteropappus semiprostratus + Astragalus puivinalis; Carex moorcroftii + Stipa purpurea + Rhodiola smithii; and Stipa
glareosa + Stipa purpurea + Ajania khartensis; (2) the first axis of DCA basically reflected a moisture gradient, and the
second axis indicated a thermal gradient; (3) each community divided by TWINSPAN classification had its specific
distribution and boundaries on the DCA ordination diagram, which indicated that DCA ordination can explain the
relationships between the plots and environment; (4) CCA plots indicated that the primary environmental factors controlling
the distribution of communities were rainfall (average annual rainfall ) along longitude, followed by temperature (average
annual temperature ) ; CCA sorting further elaborated the relationship between plant community distribution and the
environment, and indirectly supported the results of the TWINSPAN classification; (5) quantitative analysis of 74 species
by CCA indicated that the distribution pattern of species and plots in DCA was similar. The first axis of species CCA
reflected water conditions of species distribution. Taken together, we conclude that the distribution patterns of plant species
communities closely mirror each other. In general, the present study provides an ecological interpretation of the distribution

of plant species communities along an environmental gradient on the Northern Tibetan Plateau.
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T 96 s e T L 2 YN A VTR e kA SR AN = 2 Bk, R TR R AR I Y o A A 4 e
DR A T A e DI AR e A 8 2 7 G o SR b 43 A 5 R U2 AR X R R O R | A A ) B
EE AR AR SR GE, AU PR s FEINE B O R A R AR S R G — TR T R S X TR B
FRFENE BRI, Bt 4 Bk A A8 Ak AN ZS 305 3h i) 305 4 D i b i 5L vy 9 260l T 11 J=) 950 b X7 5 3R Ak )
B HRT, X R SE R BT 24 R R A R IR | SR AR | A i sh A DL RO R AR AR
A S5 S T T X R S P PN e E R MR 1) AR 432 A ) 3 A A 25 TR R AR RRAE L AT
Z I BIAHOCHE Y R GEWT TRV REVE BB AR SR R TR LA S5 i A 0 BT, i 20 2R HE e 20 A O 12
BN R GRS i FE R RETR () 3T 5028 BEARRAE , JF BB 38 /R LB — IR BRI A A 5 O R O Ltk
AR SC I FH R[] 8 7 Ff 4325305 ( Two Way Indicator Species Analysis, TWINSPAN ) | #Ly5 X [ 43 #7 ( Canonical
Correspondence Analysis, CCA) FNZEHE T B 43T ( Detrended Canonical Correspondence , DCA ) ey JERE
BT T I DR X0 v FE L A ) R 0 4 A RO AN 2R I 5 e, LA SO e P vy € Rt 1) b B8R0 A1 A Ry O R B B
PRI T 2 b B BRI 2

1 HREXER

FECIE o SRR JE T LT P FA DXL, A KR — & B R ik, A= R A LK, ZRiE R
2 91°FE AT N AMAUK R Z 507K I PY 1R F A B AL 235 760 km, ZR VY2 1200 km (B4 29°53'—36°32,
ARZE 78°41'—92°16") , AN 59.5 J1 kmo , 24 5 P A 12 IX -t i B A — 2 JAT L0 I O R AR B i O, 452
FARE M A FRIETR 4800 J7 hm? , (5 7RI 8 JE - M TR 819 TG 8 11 36 DX SR T AR 59% , by v ik 32 22
UK Y i D T R D AR VK 1R B TE 4600—5100 m 22 1] 5 I 5 SR SES T | R 43 b X AR -
SIRMETF 0 °C JeBB H BIRA K 14 °C, AFHREK R 50—400 mm, H 80% Lk F4E7E 6—8 H A LR KT
1500 mm , 4FF- 3 THEEEHR AL 1.6—20.0, AEHI XU R T 3.0 m/st 1" RARREH A AY F B A0 FF iy FE Fife) fINF
T FERL | B FE e P b I =R, o i FERL R O AL A o 5 L i 55 ( Kobresia pygmaea) VEAEEL T (Stipa
purpurea) 55, 555 B 40%—80% ; o FE B JFLAY AL B b O AL AL 5 L T CE BE ( Carex moorcrofiii ) | & K B HE
( Leontopodium nanum) At NE E ( Carex ivanovae) 55 | S5 15%—50% ; o FE 3¢ 15 5L ) A0 2 Fh R vb A 45
(Stipa glareosa) SOV 34 (Ajania khartensis) AL 4 B E 109%—20% >,
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2 MIRAE

2.1 HEERA
R AR 252 v MR 7 PR A7 TR LSBT o it 29 MR BB 125 100 m FEER TREZR L 5
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A TR BE B DRI i A= 25k 2009 AEFEJIR -] BL A REAT AR 10 B HOBO U4 Ml 22 58 5 I A5 4 46
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T RS 1) i P 2 R PR I 5 B 29 IR VRN 5 S PREE S i S B R AR R . 8 Wiintwins 2.3 H3L
[0 48 7~ 43 M7 (Two Way Indicator Species Ananlysis, TWINSPAN ) #4748 # 584328, Wi H Canoco for Windows
4.5 " iYL Y5 X6 N 43 A ( Canonical Correspondence Analysis, CCA ) 125 #% # Xt IV 43 M7 ( Detrended Canonical
Correspondence , DCA) #E1THE 5 MR E S HUWHER
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Fig.1 Dendrogram of the TWINSPAN classification of 29 plots
FERPFD 1. BRAKGE 2. SR ETEAL 5. LERIGL 6. LM LESE 13, BN 20. BB Lagotis brachystachya 28. Fi1lIEHE 33. 164
T 44, FHBOV A 62. THRURIFSE 64. /INRIETE 67. GHLA R 72. ST
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I L3655 (Stipa purpurea) + T2 °E5F ( Festuca nitidula) + % JLE B ( Carex ivanovae ) BETS , A0 F5FE 55
8—11, 3t 4 AFERL A EFE R, IZHETR S0 A TR 4620—4645 m  FF i -0.2—0 °C , 4EFE/K it 432—466
mm, FEE ISR 20% , L3 i o S AE S5 B2 3 MO LA B, RSP T oA B KGR R R R OR
(Poa koelzii) ZEALHL T (Stipa purpurea) [R5 JEH ( Gentiana crenulatotruncata) 55,

Il 5465128 (Stipa purpurea) + 7 FLE B ( Carex ivanovae) BE7% , GLFGFE N 4 .5, 3 2 NFES e % £
B 2R S TR 4590—4630 m, AFIR - 1.5°C  AERFE/K it 480—520 mm, BEVE PI935 32% , H 34N
RPEACEN R LS B, FEEAEA M R 4388 ( Trollius farreri) & K9 JEM 25 ( Festuca brachyphylla) |
HUHE 5L ( Kobresia robusta) \ 2K 85 1 (Astragalus polycladus) 55 1L KE, ( Euphorbia stracheyi) F# =7 ( Trisetum
spicatum ) 2§

I 554655 ( Stipa purpurea) + 75 K G H ( Leontopodium nanum ) FEVE i FER A HGFE S 12,13 .22.23 384
ARERL, M ATTEXUGH ELFE B | 4K 4750—5000 m, 4F 5~ 1.8°C  AFFF/K & 273—384 mm, RE7R-FH T
13% LA Fh A S AL 5T 5 FiR K 9, BB A Fp o — 2B B2 3% (Potentilla bifurca ) , %8 Ji # 5 ( Blysmus
sinocompressus ) FI T K £ H 55

IV 15 L1 75 5 ( Kobresia pygmaea) FEV% , F4ERE S 3,67, 38 3 MR, R ER L B B 04 Tl
K 4685—4727 m AR -1.8—-1.7°C , SMEBCAIRIE , K 517—528 mm, FEE PR 2] 73% 1
by ieg 1w B S B AR R R KO A A SR BB (Lagotis brachystachya ) | iR F€ LK | L AL B
( Thalictrum alpinum) V95 TE244 ( Saussurea tibetica) FEMZE8 3% ( Potentilla cuneata) EALEN 5%

V 55117 B ( Kobresia pygmaea) + S4E%1F (Stipa purpurea) BEVS , AULFEREA 1.2, 38 2 ANEE A 4040 TR
B AR 4450—4460 m, AFE 0.8°C  AFFE/K IR Rk 570 mm . IXHEE P25 BE 51% , PR w1l
TR ALE P, F R AP BB AR TEH (Anaphalis xylorhiza) | V93 X E 35 | T 0 32 (Anaphalis
xylorhiza ) FIFRI: 22 15 5655

VIR AL ST (Stipa purpurea) BE  ALHGFE L 14 15 27 ZRE& 7040 T BGH LA B . 734 T4k 4600—
4860 m , AEIREERIR , SUARTERS KD BEVE I 55 8 17% A R S48 4150, T84 oy ROpEEL
( Oxytropis chiliophylla) \ —Z4ZW 3 MR /INAIE T (Astragalus puivinalis ) 55

VAL EE 5 ( Stipa purpurea) + *EJFREL ( Blysmus sinocompressus) + SR 5. ( Oxytropis chiliophylla ) BE7% , %
REVR LSRR 18,19 .26, 704 TJE 3 BRSO B 73 A 4K 4550—4600 m, 5S4 , Bk b, HETS S
Wi HE 19%—33% , PL F T Sy 52 46 4T 55 48 Bl R RO S, B AR B 2 BN B 46 ( Heteropappus
semiprostratus ) \ZoFE B 1 | T AT B SR I/ VR BT R AE

VILEEAEET 5 (Stipa purpurea) + BN AL ( Heteropappus semiprostratus ) + /NI FE (Astragalus puivinalis)
e AR FE R 16,1720 21,38 4 RERL, 048 TR I E IR 0 A TR 4520—4620 m, 4F X IR B , 4F
Rk & 310—330 mm, BEVE-VI TR 17% ARHEF R S AEET 50 2EEMEEEAE AN R BTES ) 32 PR A Pl v Jicpg
JEIT ( Prilotricum wageri) FRMZ 5 54

IX i & 5 ( Carex moorcrofiii) + LAEIZE( Stipa purpurea) + AT 215K ( Rhodiola smithii) FEVE A6 R
24 25 A THEEN B RIS IR 4755—4815 m, AEHIR-0.8 °C  AFHFK & 230—270 mm, BT
YRi e 22% , L 3 Fh g 75 980 & B 58 B BT 3P RN A £0 5 K, AR AR R A 2B B3R IA S B ( Eritrichium
hemisphaericum ) FEFESEHHE ( Elymus nuta) J8 5075 5 ( Kobresia vidua ) (Z3M 3% ( Heracleum millefolium) ¥
5 (Artemisia desertorum) Jo/U>3%  PURAE LY /NS (4%

XV H 4158 (Stipa glareosa) + £AEEN 3 (Stipa purpurea) + FHU.24 (Ajania khartensis) FEV% | ZRE % AL
BEA 28 .29, /04 T o E . BEVE AT 4430—4490 m  AEVIR R BB SR T 5, BRSO
HERAL, BA 1%, YFh 2 4T 248, DLRF VA 51255 SRR S8 A HOT 44 , 322508 A4 Fhoh 7a A
JEIF EVP L ( Orinus thoroldii ) 55
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3.2 FEA DCA HEFE T
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B, UL DCA HEFP 34519 S L T 45 BE 5 Z o] FIRE 5 5 i
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IEERRRE , WA B4, I8 25 ) P A Rl ol i 31 52 10 50
5 A e TSR B A, BIVES A L 4 M
PRR B RAR . RE A0 DCA HEFF BIZE 4 R e T AR B2 #RDCA ZHHF
VEFI: B 10 23 [ BB 1 . 55 TWINSPAN [ 43 245 5t 4 Fig.2 Two-dimensional DCA ordination diagram of 29 plots
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3.3 B ceA HEr

HYEXT N 43 M7 ( Canonical Correspondence Analysis, 2ol
CCA) , J&—FhEE T SIS R (HE P 7 ik, FE D5 HE P 5 % I 1!
GHEF XS R AT, 1 HLAEHE R i R o g S 2 S A
T, PR T LUERE TS X 52 5 R85 DR 1 A HE P 45 S o
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KR A A A SR 20 50
S HE P, B2 A K B 0 Hs ke continE
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F1% 28 S DR B DS DX RO RELBE R 70 o — A2 IR« R T Q0 1 o SR ) Ay 1 9 1 oy R 2 R 5 v FE T 1
J, O LK SR AHZEA RO OL T, i Tl BE BN TR] , =R T S W AR R o Beoh  HHEP 18

Ha] DU th TWINSPAN Rl 53 1) T 25 BV 72 CCA HEFF AR A 2 B 1Y 53 A Ju R A R X Ui TWINSPAN
(43 245 AL T CCA HEF &30,
3.4 YR CCA HEFP

K CCA Xt 74 AR EAT B A0, 25 N 4 Fron, iR AT LA, B0 ah i 20 A 4% s 5 181 3 FE
DCA HFRE S B A% AL, 0P CCA 55— B T & Fh o3 A A= B K o 4608, U AR T 58 [TV P i
N VT 45 i SR 0 20T A HE e PR e A DAl T S B X, 8 L O S R FE . RN B A 4
O A B A R AR A ) 3 A CEHE PR R 22, RN EE AL BEIR S e oK B M 2 A 1 B AR S
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OB, 2 o A A AR XL R 9 DI, TSR AE B DL R SRR S A o R R KB S A e rp e
B o ) LRfoAR ) A 25 A0 BV, Ir AR BN T2 A5 A 7 RE R ANRE AT DCA HEFF [, 31T LA BIR P
HPI RIS A AR R S AT RE TS SR B R AT A% SR A AR A S

0.8
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Fig.4 CCA ordination diagram of 74 species
3. H#& Leontopodium dedekensii 4. BEIG L YCH Pedicularis longiflora 7. VK)IBEIE Oxytropis glacialis 8. J& 3% B AL Incarvillea compacta 9. WATLL 5
K 10. 5T Stracheya tibetica 11. JYPE Artemisia wellbyi 12. W AYE Taravacum girae 14. TEFEPEHLE 15. KL RE 16, AT RRHE Ephedra
monosperma 17. R A Androsace tapete 18. §TFH:ZEBR SR Potentilla saundersiana 19. J—W Lamiophlomis rotate 21. FEWM-2:3F 22, Ja il &
23. ZHEE 24, AL T Oxytropis biflora 25. W3 26, mFE AR 27, w1l Kwk 29, & il BAA L 30, [ Vb EE 31, AR i
Androsace graminifolia 32. TN EL Saussurea melanotrica 34. 4 T&H Potentilla fruticosa 35. BRIKZEBE K Potentilla anserine 36. % Leymus
secalinus 37. 22415 Lancea tibetica 38. YiZR4EE Delphinium caeruleum 39. JR7F Euphorbia fischeriana 40. & Chenopodium album 41. Z4M-h 1%
42. KARFFTT 43. WHEH Phlomis younghusbandii 45. T3 5 46. 53/ K GRE 47. W05 48. VoAEEFE 49. AR Oxytropis pauciflora 50. P4
B F 2% Swertia tetraptera 51. WKIFE Cardamine hirsute 52. &= Trisetum spicatum 53. 2% ® Roegneria thoroldiana 54. HH# [ Astragalus
arnoldii 55. WAL Microula sikkimensis 56. 1255 57. ToZE W Youngia simulatrix 58. Jo0>3 59. VIARIZE Polygonum sibiricum 60. 7§
AT 61. PUME T IF Plewrospermum hookeri 63. ZFAT Artemisia demissa 65. /NHHETE Oxytropis microphylla 66. B ZEpE3E 68 FIMF4THE
ZWi 3K Potentilla saundersiana 69. FEZEWE 3 Potentilla plumose 70. ¥ JE I 71. BB Oxytropis stracheyana 73. 576413 74. 5%

Aster tataricus

4 FHig5iTie

TWINSPAN Hiig 73 JERFAL 55 20 AR 70 0 10 BRI BIERAERT 55 + B2y FF + PP LE &
TR SRAERE S + D LE WOlEvE SIS + KRR s LI e e L e + SEAERTSP IV  RAE
BESPREDS S4B o + AR BER + SUBRCELRET, s S AER o + SRRV AL + /NRBTECHES  BA B + SRR
o+ WAL MR W AET S + SEET SR + BRI AR . R DCA XJ 29 MR SEATHEF b, & VR
TEHERF B 804 25 B B0 A Ji R B, AT WL DCA HER BEBCUF (9 SORLASAE T Z IR T SR Z MY S &R
Rl TWINSPAN F 73245 AR HR P 18 _EAS BUAL AP RO EINIE . #ET7 DCA H1EF 55— Bl BEAS S e 77K 70 3R 6
JE 20 AR S T R

FERL CCA HEFFE SRR LRI A i 1 2R N I8 /K 0 I 7 (AR Bk o) A s i) [ (252 |
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HYCRIG R (AEEREE ), CCA HEF 2L B THER o0 A TR Z A ORI R EIE T TWINSPAN
P REER . Wit CCA MHEF 25 s MR T A 6 43 A A% Jm) S5 AR R I 2 00 Z AT A SR A AE —
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XTT DCA HEFF 5l i A= A0 AN )22 38 I IE T 245 SR A0 TR [R] A7 262235 IA R, DCA 55—l i oK 73 3 055
BB, 55 S WL PR BERAE Y A2 A DCA 25—l Sz e W4k ) AR IR BB | 45 — il F ke
IKAIIREERRRE ) A2 AN, DCA HEFF SR — Tl S b 1 B P VR0 0 8 B A8 Ak, 58 i S e T R A
JEE P A A B 30k ) BB EE AR AR 0 Burke 25 A BYBIF ST U A 76— @ FERE b, DCA 55—l 52 e £ 397
SRR RE | AR/ NREE R K 3 25 AT PR B e R A s ) o A L Bk, RATTAT LA, DCA HE
T4k B A S5 i R AE R TR A 9 M SR RS 5 T REAS R RN BIF ST 4536 . e R ARG =F & L IX, AT vt [
BB 1520 T 0 0% 2 BCRN 2 ) A T PG 30 2 8 i A T R b X 7K 43 2 A4 AT g 1y s i A
] 20 A ) = R 2 ME TR B X, KA 25 AR 2E AN K Ml X, =437 43 st vl B AR A B2 1 R 4 A
SRR DR -2 s R AL KR, P4V R 4600m LA E AESIR A ZE AR K AR OK B D il T A
B v ST R M) | R 7K B 2 28 B R Bl NI ik L, PERAIR A B K AR Bk s/ S5 B AR - b i
ROK 5 BB A S A AR BT S e A 0 55 43 B WS 3 i ARRI T S e A 9 b A S AR 0 1 L A9 R
BPE, WIRY CCA HEIP A5 R B R « EPRBE R i) ey ZE ) v BEE PR AR A W 7 A X T e TR
TR 5L, AR 5 A X3, X TR A UK A0 S R AEAR KRR BE L5 0 35 ) b 1) 4013 LA SREVR I 45 )
LB, PRI AT AN Ry 7K 3 S5 A2 570 M A 6 2 i s 2 T A A 1) R R R

25 b, AR SCRH TWINSPAN 4326454 DCA Fil CCA HEJF 5T J5 ik, Wb 7 b (9 5t e i BAS 17 R 4F
B RZER IR R T FE R A B EVE BORSE IR (0 A i SR, AT A gk b 5 S A A 4 AR, A BRR
KA RE BT AT T S AL B A 3

O A SCIL IR L L e R B2 e b PR AR 5 B TR 9 BT A AL v T ) A 2 R A ST vl (B k) SR
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