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WE AFTRESREAZNAEXEIR 4000 m B ILHEBE 5 £ 1 K 40 ~70m FES IR LREH , AHAR R R BE S 50
m, ¥ 1mx1 m ARG K 251 MEZERT, T 2004 ~ 2005 F45-51 347 T EH % RE . DEBEER T ML ETERERE
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P AL ARI A W3 ——S B LA ) P —— 8 ER L EE W B E— e L B s f it
RERILIEABVE S 4 Frtva e8], AL R ARY R 75% TR 39% ,EARREEH 25% ¥ inZ 54% , 76 L0 B i
50 m 24 Y R bl POAEAR SR BRI B B YRR AL A AR R o 2005 SE R BRE T F R BE 21em, LA 26 om, Jb3K
34 om, HEE AL EHEEZGH N, ERER SEATEZIEMX (r= +0.40,p <0.01,n =248) , FEAEY % F 2 fiAH
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Jem a8, B L BN, SER T EEFEBEMMRR R, HR RS H]H 0. 267.0. 286.,0. 199 1
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Abstract: Five parallel transects (1m X40m —1m x70m) placed 50m apart, were sampled at the altitude of 4000m from
south-slope to north-slope in Songpan county which lies in the eastern edge of the Qinghai-Tibet Plateau. During 2004 —
2005, all 251 quadrats (1m X 1m) were investigated in terms of plant community composition, physicochemical

characteristics of soil, and depth of winter snow-cover. The functional module TWINSPAN of software PC-ORD was used to
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classify the plant communities, based on relative frequency as the community index, and an environmental index comprising
depths of snow-cover, soil and organic matter, soil moisture (0.25mm and 2mm ), total P, total K, NH, -N, hydrolytic
acid, pH, slope etc. . CCA was then used to classify plant communities. The results show four community types from south-
slope to north-slope: Potentilla -Ajania alpine shrub meadow, Ptilagrostis-Carex alpine meadow, Salix-Carex-Ptilagrostis
alpine shrub meadow, and Rhododendron alpine shrub. From south-slope to north-slope, herb cover decreased from 75% to
39% , and shrub cover increased from 25% to 54% . And around the mountain ridge ( about 50m) the type of vegetation in
south-slope and north-slope shows significant differences. In the winter of 2005, the average snow depth on the south-slope
was 21cm, compared to 26¢cm on the mountain ridge and 34cm on the north-slope. Snow depth was positively correlated
with shrub cover (r = +0.40, p <0.01, n =248) , but negatively correlated with herb cover (r= -0.45, p<0.01, n=
248). ANOVA indicated that soil depth, soil moisture, pH, soil organic matter and total P differed between north and
south slopes, tending to increase from south-slope to north-slope, and significantly correlated with the average snow depth
(r=0.267, 0.286, 0.199 and -0. 183, respectively, p <0.05, n =119) ; soil total K and NH,’ -N showed no significant
differences with aspect, and no significant correlation with average snow depth (r= -0.068 and 0. 104, respectively; p >
0.05, n=119). This suggests a complex interaction between aspect, snow depth, and a variety of soil characteristics. The
CCA order of community, as well as the correlation analysis of compositor axis and environment index also showed that
slope, snow-cover thickness, soil organic matter and soil moisture were the primary factors that induced the different plant

community types in south-slope and north-slope, while the impact of soil NH, -N and total K were not significant.

Key Words: eastern edge of Qinghai-Tibet Plateau; snow-cover; aspect; plant community; soil characteristics; alpine

ecology ; snow ecology

= LIRS R A RIBR T 7K i e B P SER A, TR B M AIE . TE T R AR Gt
BORTT, WA R ] P o ek R L R B2, W H R R LI L B R B P R AR B B R IR 2K
REE  EEUN, DOBBAKS A EH N BEERESHXHARMBEERA Y, B—FHE, %0
XE Rl ERFEE T EEREEAR . AHRERYN, S (snow cover) BAAXE K TR -FHIRRY
HAEAER , BEB A 1 E R ERK R ISR A A S 3% TR T s B A
YA STEYMRERIE BRI AR T AR B RS F TBESIE R T — RIS LR - s R
TR B P S A B TR A R A AR A T 1T DR R L R IR 1 L
AR SA W, SRR BENRL GRS Y RS BEdE a7 " . Bk, SHER
W g g R R E RA W SE A SE K e ERNE , B—MEBHRWT WA ERE, £HAT
2004 ~2005 476 )11 P4 R IR PA MR ML IX. , IR B R BV A B g BB B LB L i 5 R U IR NS
PORDL , T IEBOTRARE AR ST T 2 8o , B/ hDRIEBEN TN TSI FE WS RS
P FREHER R, BT AR R LAY 0 3 R R R R =52,
1 #|RAZE
1.1 B HAEs

SR S T P ?E‘Jﬁiﬁﬁi%ﬁﬁ’ TR R (JhEh 32°59' , /R4 103°407) . gLk
A1 PG e JR A A S , R BRI SR AR R R, B T HBENLMFEX SR, B 1 RE KRR S
40 km FIIAER RS %lﬁ%?ﬂ]%ﬂ%‘rﬁﬂﬂﬁiu’ﬁfﬁéﬁo IR IR 3950 ~ 3970m , HLBE I 1] 7 5+ B .. BRI
PP 310 AR R ILEN, BEREA 90% , HPEARERE & —FL E(53%) , FHEE 160 ~180
cm, EEFF K Rhododendron primulaeflorum F1 Rh. agglutinatum , WAME TR 53 7i%E Caragana jubata F1 Salix
oreinoma, THAFOER L, FHLEEE 63 cm, FHEHEXTHLEFR, HEL 9, ML B ILE AR
ENEM R, EAREE 74% ER23% , HERARHBATH T SFHEE R 47 cm,
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1.2 Ak MBS 36(2827.7m)
AR Y e BB AL LB AL B S AP Sonepmn masoroglater
TR RREN 40 ~70 m A%, KRN m, 87 | 10 o
R FIBORERE Y 50 m, HTE Im 0 B REAS 14 ’ AN
SHAEIR Im x Im AR5 AR AR 251 O {0

AEBRES , TEBA 1 m x 1 m (AR TP B B2k
BAI4YE 10 AT 0. 1m x 1m B/MES, B—iT
FEANMEAN IR E, WHEMEAPHIEE
FOR BIURR I O« 25 AR ) AR MR 3R A FRE b o
AR T AR B T2 TR IR TR e, BT
Gt A IRE Tm x Lm JE2ERE T o 1 BUAO S (RS . _
#1043, BAKH 0 43) s FIBHEREA Im x 1m B3 A

o
° &

T

|

60

%7K & Rainfall (mm)

A 3B Temperature ('C)
B
o0

B BHEERIEEE FEARYHHIEE, o= R Month
FRERL% 30 mm 67583 A L2, HECR R
ﬁﬁﬁﬁﬁﬁiﬁ/\ﬁﬂ: ’ *ﬁmﬁmﬂ 1%‘$Hm B‘Ji}%gg[w] o ﬁ/l\ Fig. 1 Bioclimograph of research region

Im x 1m FEFH 73 HIFE 4 DN TR S FF O S E 5 KR
EHHE R T T ERE ., R 1AM FRERE 10 om B EH, W2 X T 23K (BT) pH(HE
i) A PR (BB EL-FMmE) 2 P(NaOH-4ESL LA E:) 2 KOKIBEEE L) (&RE (FAHR
R-ZEME ) MUK R (AL 3 e-ThR ) ™ . HEAEARANEE (11 1S H,2 A 18 Hf14 A
1S H)MESHEFEREE,
1.3 Famabr

AL ) B A REE TS AR E R LA 9 7 2 BIHE AT ST (3 F 78 L M i 3 e AL B B Y
TR B ITTA—4) . BA 1 mx1 m FAET HEIEHIT, 2 SPSS(v10. 0) 3K MXi b &5 4r
#E1T ANOVA 7387, 4% 0 ~5°.6 ~15°,16 ~25°, >25°UNEHEXHE SEHEE LH R ITE2E ]
B, LAEE(H p W5 AV Shannon $5%0 H, Bk N : H = - Y p,. Inp, , AW BB p, = (X

10)/100; ARV B E ZME p, = (FHXFE x 10 + HHXT R E x 100)/200; B 7% 5 f) Shannon $5 4 DL AR
Shannon 184 5E A ZHHIgH fzm (AER T T ARYRHI) o

SRF PC-ORD(v 4.35) #kH4-2 f) Twinspan SEATREERRME A2 . CCA BEATREHERF ™ o LAMIRPEG A Y35
BB REEIE AR s MR AR 119 MRS HEE  IEREE AR SR R (0. 25mm & 2mm) 4
B2 SR KRR pH RIESF 11 MERHEH 119 x 11 R HE TEERER
2 BRE5Hm
2.1 TEYRERB S MR

HR4E Twinspan 732845 R, BISE M IREE KRBT LI 4 M (B 2) . 51 HAEHEE- AR
BN, PHRE 3% , HPEAREE 4% , 5548 57% , EARREFEEMN Potentilla fruticosa L. WHRE N
7.5, EE 38cm, ERZEHEEF A HHFEEE Geranium pylzowianum Maxim. ,fEE P EEE Caltha scaposa
Hook. F. et Thoms, 2234 3§ Ajania tripinnatisecta Ling et Shin, ZEEE > TR, FHHE 14°, SHEE
15 4 BB REIPRR AT FREREM 2 APAIFZREED AN 17cm 123 cm,

552 HoRAINE-E ERILEARE, & 85 MAKH T . EARE 80% ,4 13 HEAEYHMEKRTS. 0,
CFELIRAFE Prilagrostis sp. BARFEEE Carex atrofusca subsp. minor., 2 Z5/NFF Sinocarum coloratum . 755 11| FE#
¥ Thalictrum alpinum . JEJH /K7 Anaphalis nepalensis ., 53341 26 Anemone trulifolia var. linearis | & M iH
Gentiana hexaphylla FLEE I B E BT T Astragalus skythropos || 25 EL Sibbaldia procumbens . H & EE & &
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IS5 Pedicularis longiflora %, EARNE T HETEME, KPR  ZENRE S —HEMILEHZ TR,
BRI MR R ILCE T 07, PR 8°, AT FHREEEM2 AhaIFREESH)25 21em F1 30 cm,

5% 3 HORBENI-EE AT R ILEA TGRS, TR T WS BT, 3 E 90, e 77 ME
AT, PR 32 A, 03k 37 AN, HR S MRS AT IWE . PHHRE 1%, HPEREE 35% , B A
FRMEF (BB 1. 1) BB Salix oreinoma FZHEI EZ LS M, EXRZEHE 80% ,3LF 8 F
EAMYHSERT 5.0, BIEHE BNy EEZMEM HERIX 9.0, BHELEFHREREEM2
A aERED 8 25cm 134 cm,

5 4 HRER VAL RILEAN . G 68 AMET R TR, 0 TALE, FIIE 46°, AR EE A
64% , 58 160cm, FEAREEF HEEBFLEY Rh. agglutinatum 3B N 6.7, B HBREEY Rh. primulaeflo-
rum FERIEBMB BN TREE ., EAREZEBE(UN 23% , EER—LERT 3 ASB% PR B BT AR
Y111ZE Oxyria sp. \FFE RS Fragaria vesca . FAfTE JLIR Sinosenecio euosmus W33 JLIR S. sungpanensis 5§, M3
3k 3§ Cremanthodium potaninii  JCABN P BE Galium smithii, MWAb, ZHENEEEEE T4EE(61%), L%
7 9 4508k T) 8% Sanionia uncinata F¥EEE Hylocomium splendens, ZZVHRMERFM2 APAIFREESH N
41cm 152 c¢m,

4 PPV B A L ] LR BT, M SR E B i (& 2) .

3969

IR L |
_ 3968 | Ptzlagrostzs-dCarex alpine et~ . FEES 7 L
E 3967 H M- AT LI 25 A meacows ~~ Rhododendron
3 3966 |- Potentilla-Ajania —r alpine shrub
2 3965 - alpine shrub meadows ﬁ*ﬂ]‘%ﬁ NE LS
< 3964 |- - CEILEATE
< N - Salix-Carex-Ptilagrostis
ﬁ 3963 + - I alpine shrub meadow
= 3962 - - ~
- 1
3961 oz ! B South :> 4k North ~
3960 L= ! ! ! L ! ! L L L L ! I
0 1~4 1~8 1~12 1~16 1~20 1~-24 1-28 1~32 1-36 1~40 1~43 1~48

B %] Sequence of plots

B2 BRI RE SRR USR5 s B

Fig. 2 The topographic characteristics, snow-cover and community types of research sample transects

PISE 1 R 0], BEIERETE, BEREZREFEBIRM  The transect No. 1 for example, solid curve delegates topography, dashed curve

delegates show cower status

2.2 CCA HF&RM T

ETYMER CCA HF &R B, B 3 JHIRHE(E 27 0.393, 0.072 F10. 064, FH BT 3 il 5Tk
RIrAA T4.3% , 13.6% , 12.1% , W 4 FEYEE N =R FERKNER EHES 1 R, LW
ANHFH (AR T 88 % KfE &) A ir A& HE (B RO BUR B, 5 Twinspan 73 2845 R &1 73 HEF 25 6]
(B 3) , W& 4 FPRRE RN SR — AAR B A T R O HE R 25 18], ELAB R 5 FRAEXHBA 2, HE P I i L
BT ZAEHF =R AR R

A ST SHEF R R AT UK EE, 56 1 SRR E ERREE AR’ UL T
BRI E R EE 55 2 BB T 13809 pH A IRIE . 56 4 A ESR IIEARE M T56 1
BB/, XS A A BERE AR A B — 3R BRI VT S R A MK T RE M RRIE, 3 4K
#5561 e, DR TAN, X-5FEA TR BA AR Lo E IR AR & 6
1 27 25 - FEA e LLIEE N R RIS A 26 2 oM AP -6 5 LI A A MU0 A T A PR R 3, SRR L
JeHR . FERIAYXE SRS A THEF A, CCA HEF 55 Twinspan 5328 9HERF 25 RIEIR A A KN, WTRAR
BN RAEHE PR IR S BN Bt RO . I 4 BT, 56 4 AL RS LD AREVR I L R IR VE BRI B 53 4 3 b
BR. RERPGMEESST R AR, W FRER AVURSEBFERER,
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CCA HEF 35 B IE Z A1 B9 Spearman AKX RFUR B T AR HEONE) HT5 4 HYHE N =R 78
KRR, GEFHFHRTTIREI/NT LAY R EHRE AR BN RS R R YIRS
o R EEINEE T, HIREES R M & EXME PO R R AL

2.3 FEH5 TR SRR
2.3.1 FHESHENHFERMIRER

e 2 B, BEE S i R ALl R R
W N, 253 ANOVA i, BIdb R ERER T B
(F2)o MR, BILANILE B TR B R B 7E
ENEER . REWMESRI, LB ALRSEARE
B RREE T 8k 8 ERE 2L AL
FEEHW R TR ® L EaH®, R +ao
WA BRI R (R 2) . BEIRE, LS B

£1 CCAHF# 5 £ RHE2 R Spearman 18X R #Y
Table1 Spearman correlation coefficients between habitat characteristics
and CCA ordination axis

AR R B Correlation
HE 3EA%AF Habitat ch L coefficient (n =119)
abitat characteristics
1M 520
1st axis 2nd axis
Y Slope -0.900%  0.334°
E YL Snow cover thickness -0.789%  -0.229°
A VYLFEE & Organic content -0.672° ~0.310°

T
EYFRREABRTEE, BREMARSELHEY U Soil thickuess 0395c 0,019
o o FAFAE 435 Total P -0.300° -0.078

ZXBERE RS RAESHE LB AL,  Ketm Hydolytic acid -0.245°  -0.501
FlinfEmmR L XALFE A EEEANRT EHEEERF e 0.19°  0.717°
ﬁtbﬁiﬂi%[m . ?a%ﬁ'ﬁbk%aﬁﬂﬁﬁﬁﬁ%ﬂ’ﬁ%ﬂéﬁ,%ﬁﬁ %75, Ammonium nitrogen -0.138 0.262°*
PR SHMEIL AR BNER, MR LEERE T nE e

BEZFUN 20 ~40 em, JFEAET 100 cm, FEAHE

S MBS AL B R B BT 0, B R 21 om, JL3 34 om, IVEAHREE K 26 om, - F = H Z 8] (B
2) . TIZERMER LR LA EBRER RGBT BN . HE L0858, TR, ERB AR
BRSO EERIRESERAR T2, BiF KRN REFIENRER-ERESHREERHER
FE,

£2 TREASHERRETEHES BHLE

Table 2 Comparison between snow cover thickness and soil characteristics of different slope exposure

= 4 &= ]
=X RN ATLAAE i ap  ax EER KRR
20| Snow Soil Soil moisture( % ) 1 Ammonium Hydrolytic
. pH Organic Total P Total K . .
Aspect thickness depth (/ke) (&/kg) (/kg) nitrogen acid
P ® % ® % ® % ® % ® % ® % ® % ns ns ® %
4t Nouth 33.9 64.8 6.64 6.65 5.6 119.48 1.48 16.41 17.49 7.80
B3 South 20.8 47.3 5.51 5.47 5.8 83.24 1.25 16.47 17.16 4.74

p BEMERI Significantly different test; * * p< 0.01; ns R EF Not significant

2.3.2 FEMTEFESHRHLR

Bl CCA M SRR FERIFE 4 MHEYBEE RN EZNERTZ—(F )., EEHE—
E 3P VI3 B Y ol TR K FH R R AR ), B S 3 S T AR DE RUE BE B . S R 141 M
TRBEHERER, WEBREEBE, HENERREEERABHAMR(r=-0.201,n=141,p <
0.05) o ZEALIFEIARLHAEA R , BEE R KO3 NG IR 30 B R s>, B R AR R R R LS, ERRE
SHEEHAWPBRYIEMR(r = +0.236,n=110,p <0.05) . X E 525 HFEHUAFIE MR A, BE
5+RERE KIS AIESEUKSEMASEZAAFEHBRHEICKR, TS8R pH EMK
BREEMIEAWE (R 3). B DR, FERAFUEEHBEESFHERZ—. # A B. Boxosa
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1999 4ERBERE ZERI AR IL X A PR HBERI 48 C/N 53 RS EHAE",

®3 TRANESHERRITHESE

Table 3 Snow cover thickness and soil characteristics of different slope gradient

EE LR ATLAKEY o ar  ax EER AWER
W Snow Soil Soil moisture % J\ Ammonium Hydrolytic
i pH Organic Total P Total K i K
Slope(°) thickness depth (&/ke) (e/ke) (e/ke) nitrogen acid
p * % * % * % * & ns ® % * % * ns ns
0~5 22.5 45.5 5.78 5.82 5.76 89.39 1.28 16.91 16.05 4.42
6~15 22.5 51.2 5.79 5.70 5.72 88.71 1.31 16.84 17.16 5.92
16 ~25 25.9 41.4 5.78 5.83 5.81 99.48 1.19 15.54 17.74 4.88
>25 39.7 64.0 6.61 6.74 5.70 125.72 1.54 15.84 18.33 7.39

P. AP EZHEEREEEZRHN B EMKIK Significantly different test of snow cover thickness between 4 type slope-gradient; % = p < 0.01;
#p< 0.05; ns; ANEPFE Not significant

2.4 FHRE-HEBE-EYHESHHELXR
2.4.1 FHREES T EHEARE

EETHERESESRE, SRRELREFEOERRARMBEERE™ . RRRMMLITEY,
SHEESHREER HRAGKE AVRFEINEREENIEM X, 2 SERRERIANAMER; 1T
Ef ERRFESFEPREZIAEAHBHMERKR (KR 4) . XEFHPEREM T RIFL Z 8 G 21
(BRI M+ —B(FR 2,38 3) o ARV SRS WEHRENES, BT ERKE KM,
HERALEREB ORI T BT M Y . BARRHEEEE SRR (pH (MK ik
R) ZAEARBRHERKR(RS) , FHEZRNEEREZRFATOHB(E4), RHERKREWER
HEA B TIEIRAL , X TR S B KIBMH T RB R U RUE TR E RK SR R RS i R]AE 2 48
HHXK. A ARAHHNEERES HEERZ MK XRE FER, Y 11 A4 AN SERERA
HIEEREBESE 2 AHNERE(SEEENRE) 5 T RERXRAAANE. REREFHE—SMRA,
WA SARANAERREX HREEE RN BURER K. 11 AR ERENSET, SREEX LREY
W FLACUR, R 4 A sp Al RS HRALE 1, R B T R et LA 2

F4 SHEESTREZ ENHEXESH

Table 4 Correlation relationship between different seasonal snow cover thickness and soil characteristics

REAB FIX B Correlation coefficient
T Number of +R2H RTF+akE B &P 2K BER KRR
Measure data samples Soil Soil moisture pH " Total Ammonium  Hydrolytic
Organic Total K . .

(N) depth 2mm 0.25mm P nitrogen acid
2004-11-15 119 0.307°* 0.360* 0.432° -0.122  0.404° 0.067 -0.015 0.120 0.121
2005-02-18 119 0.148 0.069 0.067 0.158 0.029 -0.363* -0.141 0.156 0.027
2005-04-15 94 0.245° 0.291° 0.365° -0.059 0.304® -0.030 -0.075 0.067 0.080
SEHIE EE Mean 119 0.267° 0.227° 0.286° 0.024 0.199° -0.183% -0.068 0.104 0.054

#p < 0.05 5 HF Shows significant checkout p < 0.05

£ 4 FEYIRERE, AMUE PR RO B R 25 (B 2 T8 3) , i ELA R SRR AE tu A7 72 9
Br5. B4 24 FAYHERAS HRARE XA SE M. 4 BiEEN DREVRE &K
HERBWNEN, JLEHHESEM T RBREYIERIE SRR BERZ , DA & BB ST B
EARE NN TR FROEEE R KHERSEM pH HUFER R, FHE N BAE—E
HIZS, (BARE I 2 E LB SR MA YRR HBE . \WHRER AR & - LB T 6
TR R R DR TARSEA NS SRR R Z A, R LR B S BRIE. BHXE BT 2
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i TR IS - B A B LB T /) (g A) AW -5 =/ ILE A (3% B) Z A 2 FAEH B W
b, LA B R ILFE A\ (9% D) 57541 3 MERER DR 2 R BN BE . X SNBERBLHEREEE
WA XK.

@
=
s 9 -
£ 70 < 70 g 10.0
o e N=2 b
! b g b T 80 b
7 .a o
2 6.0 g 6.0 8 (0
& a a g ab a 2 7 a
= = 5 40 a
g 50 & 50 .
# 3 S 20 ﬂ
-% 4.0 1 1 1 | %’ 4.0 1 1 | 42 0 | | | |
4o A B C D 4 A B C e A B C D
) 9% XA Type communities 9% XA Type communities S ¥ KK Type communities
2
6.0 2140 c o 1.60 b
5.9 2 %u
ab b 2 110 = 140
58 g b a, L. a
= 2 ab a E a a
37 cd é 80 S 120
g fedlnlll] e
55 I L | @: 50 | 1 1 ] Q‘H 1.00 ! ! !
A B C D A B C D A B C
9% XA Type communities 9% XA Type communities ¥ KK Type communities

B4 KRN 4 MEYRERE RS RS B BT

Fig. 4 Soil characteristics of 4 types communities with different exposure and multi-comparison analysis

BREEFFERE 4 MR AL ELESR, AHRAT RN RLAZRARE, R ATHRAEFBE ;TR Leters of histogram

show 4 community multi-comparison result, having the same letter mean the difference isn’t significant, not having-significant; the same below

2.4.2 FHRESHYRESH

WETATR, REARAZTAHERBNREREABRRER , BAR BRSNS RERE
W, WA-eREEmILENAER (R A) AWF-SE R/ ILE M (B B) AW 5= B R ILEN
F A (B C) MALES R ILEA (VR D) 4 4 FhEE R FREBRE 250y 16.9.21.3.25.0 f140.8 cm, &
i ANOVA 7347 B8 T #¥& A FIREE B MBI ER AW BA, RREHEHLEANESZREREZFBE, LI
B AL SRR SR RJR, R L AR A BRI B R BN R ILIEAE SRR E
TRz A LEAFRZHEWZRTE 4 FFETRERAEOREF - (E5), M, ERRESHE
ST ERMERKR, B 6 BUIYIFHEXSIE Jy BEAl 45 2 B9 5% Shannon 18 EREIL M R, 5
E YR B3 AR AR, BV BL A Shannon 38405 EAVE Y H) Shannon 8 %5 ph R 1] b 728 9 o A 5 T
ARH ZHAAERONEA B EI 50 5o FERFIHAHRLEY Shannon 452453512 8. 53.7. 96.,0. 57, JL3g 73 514
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