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Abstract: Alpine grasslands on the Qinghai-Tibetan Plateau play an important role in safeguarding the economic
sustainability of local animal husbandry. However, these alpine grasslands have been degraded due to increased human
disturbance and changing climate in the past few decades. Quantitative classification and ordination are necessary to reveal
how alpine grasslands respond to the changing environments. In this study, the Two-way indicator species analysis
(TWINSPAN) was used to classify 23 plots of alpine grassland communities in the Lhasa River Valley. Canonical
correspondence analysis ( CCA) and detrended canonical correspondence analysis ( DCA) were used to clarify the
geographical distribution patterns of these alpine grassland communities. Our results indicate that; (1) Alpine meadows in
the study area can be classified into 8 subtypes: Elymus nutans + Tripogon bromoides ; Carex moorcroftii; Kobresia pygmaea

+ Carex moorcroftit; Potentilla fruticose + Kobresia pygmaea; Rhododendron primuliflorum + Kobresia pygmaea;
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Rhododendron primuliflorum + Rhododendron nivale + Kobresia pygmaea; Rhododendron nivale + Kobresia pygmaea; and
Kobresia pygmaea. (2) Each subtype identified by TWINSPAN had a specific distribution and boundaries on the DCA
ordination diagram, suggesting that DCA ordination can explain the relationship between community composition and
environmental factors, (3) The first and second axes of DCA reflected the influences of plot elevation and aspect,
respectively, (4) CCA ordination also confirmed that altitude, followed by aspect, was the primary environmental factor
controlling the distribution of alpine grassland communities, (5) The CCA of species and TWINSPAN of community
subtypes were similar, indicating that the distribution patterns of the grassland community were largely affected by the
species distribution pattern. Quantitative analysis is suggested to examine and assess the relative contributions of

anthropogenic and natural factors to changes in the Tibetan alpine grasslands in the future.
Key Words: Lhasa River Valley; grassland; quantitative classification; ordination; community
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Fig.1 Dendrogram of the TWINSPAN classification of 23 plots in Lhasa River Valley
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= IE R PR R AR 1T ( Pachypleurum lhasanum) (KK F T (Anaphalis xylorhiza) | 55 /)N ‘K G5 5 ( Leontopodium
pusillum) \225VEF 5 (Stipa capillacea) FRAEM 55 ( Ligularia lapathifolia) JRBEEEEL( Carex cruenta) (&M 25 &
( Kobresia capillifolia) .z i i 52 ( Oxytropis yunnanensis ) 5§ ,

A RV BAEAE A 2.3 4, 3k 3 AR AL IREIE 0 A TR 4053—4157 m BB, B 9°—13°,
FHES KA 27%—47% , TIEARTE 1.17—1.36 g/cm’ . FEFBTEIE 56% , (LHF0 0 5 A RY , 2R AT
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SRR LSRR AHERE A 9 10 11, 38 3 ANRE R IZHETE 0 A TR 4393—4480 m 1Y B, B EE
18—22° , F- 35 K & 87%—120% , 133251 0.56—0.75 g/em’ . BEVE M35 E 84%—90% , MK )Z 5T 6% ,
KIZHFNH 4 T (Potentilla fruticosa) , FAZ TG E T8%—84% , AL HAh vy Ll B, F 2L AL Fhg 5%
KGHE ( Leontopodium nanum) . KAE & ¥ ( Kobresia macrantha) ] ¥ 2% B2 5% ( Potentilla saundersiana)  JH— W
( Lamiophlomis rotata) {25 1L JEFAFL ( Thalictrum alpinum) KW 35 14 (Androsace graminifolia) .72 3 % ( Elymus
tangutorum) | T Ji 4 B 2 FEN P ) E P ((Festuca nitidula ) B BEEE V5P (Festuca ovina ) | BR 5 3
( Polygonum viviparum) %%

AP ERL S + i LU R RERE R A AEAE A 12 13 14, 3 3 MRE R VR 20 A TR 4540—4650 m 1B
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THEARJZ AT A AR TR, AR R 4 88 M5 F1 55 2 A 1HY ( Rhododendron nivale) , HiA 2 55 FE 55% , AN
S 0 A AT R A TR ST ERBEAE o Il T £ SRR
¥ (Carex atrata) JEWTILIXESG ( Pedicularis siphonantha) V2RI (Poa crymophila) AREFH 455 5F |
WA P s M0 ( Gentiana farreri) (£ | [FIFEZE ( Polygonum macrophyllum) .z B LS. KA ZE
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Table 1 Main feature description to grassland communities classification in Lhasa River Valley

F5 REESAK L EFER K/ m YR/ (°) w5/ %
NO. Community name Plot Altitude Slope gradient Coverage
I A AT+ R VD TR 1 3993 7 39
I T B R T 234 4053—4157 9—13 56
I e L e+ A R 5.6.7.8 4200—4346 16—20 45—50
\% SRR+ LS FREE 9.10.11 4393—4480 18—22 84—90
Vv THCEAR B B + 25 1 B RER 12,1314 4540—4650 22—28 66
Vi TEMR R S+ 35 AL S+ 1 LS R R 15.16.17 4700—4805 30—35 67—75
VI TR LR+ L R TR 18.19.20 4861—4954 25—34 52
ViI e L LR 21.22.23 4993—5104 7—I18 71—87
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107.0.029,, #EEZAIAE DCA “HEHEP B o0 — i B EE b sl 1 RE% 2 ) AR AR i 6 B ka3 DCA HE)F
35— ZRRAEAE R, BB X A HE P A & i A 2805 B 22, RE MR 1 S W HE 45 A 0 AV =2 1) L B A )
FE SR F2Z R E R R, A EEWAESE X, WNHEFE AT LA H TWINSPAN 1952845 1 T 48 7
PIREVR S AUAE 2R 18 EEARH A A C— 2 W53 A0 Ju LR BR 3 0 DCA HEF AR 47 1 S g 1 A% 5 2Z 1]
AR HE T FIIREE Z [ AN JE 2R . MHEIPRIE , 55 — TS S e T4 o JE I AR AU B B, A2 30 BV 7
PRV AR 20 T T v, o A 300 2 43 A AT e DX ) TR AR e+ R VD A R (RS 1) TSR RS (MR 2.3,
4) AT S AT TR R IR R RIS o LS RO TR (RE AR 21 .22 .23) o S A st 1 3 i i A2 Ak, BVERS Ak A
FAE L R A b B 2 SIS AR A, T LA L RE R DCA HEHE T IR S W R U 5 R AN
A B 23 ()RG5 TWINSPAN Y43 2545 AR DT
3.3 B CceA HEF

h T SRR A3 A R SR N Z [ A B DGR  FRATTXT 23 ANBE S 5 AN PRSP 2647 35 % i
3BT CCA HEFF IS 25 il 3, Wy CCA HEJF IS Ml B 25 V4 ) T v, BE 5 A3 A B AR TR 4 b IX 1Y) T
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Fig.2 Two-dimensional DCA ordination diagram of plots in Lhasa River Valley
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Bl 395 1) ) A4  BEVE I A A R I — i 22 57 . DHEIF 2551 0T LU 3], RE i BV o0 A 19 R 28R R 7 &
WEHR e, R, B G, VR 0 22 S D R 2 AR A DX P A R A A I ) 0 R — R I R Y
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I ETRER R S 2 2k 9055 ( Meconopsis horridula) (PEE — B A V- F 2R (Poa litwinowiana ) %5 i € Fa) ki
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Fig.3 CCA ordination diagram of plots in Lhasa River Valley
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IS TR, & 1] . CCA HEFP HE— 25 B B T 7 %907 45 55 i 3 7 00 A 0 1 0 4 R 30 ) A5 R B 1A
T, I EIHEIRIE T TWINSPAN (202455 . Wyfh CCA HEFEFI TWINSPAN 432545 B2 0 . R Wy V% h ) b %)
Gy A JR 55 R RV SR S A A SR A7 AE — 5 AR R , 0 1 0 A A R ZEAR R R B b i) 5 BV 04 o3 A
¥R

XoF L T 5 P LR 5 20 2 4 SR RN D R S T, 7 5 ] 45 110 5 LR % 4 A S I S 1) 5 b 0 A
& IR, B AR A T v, RV 2 AR AG I s L o) 0 78 Ay IV e 1 DA ) o S 7 O e L A Sl S R
TR SEBR A AR BUARAST . (B FTLAE 3], 3 A 7E IR 4000m 2247 (R REVR Bl K] 20 g — 4> B i e 9% . T APl
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Fig.4 CCA ordination diagram of 54 species in Lhasa River Valley
TE: 1 PERRIGZR 2. 58 KGN 3. Fbar 4. SRR 5. KAEW L 6. BIBEE il TS 7. FTHZEESE 8. Jh—1k 9. ZHILRALES 10. ZHZE
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