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Abstract ;: Based on field survey data,we studied classification and ordination of Potentilla parvifolia com-
munity by the methods of TWINSPAN and CCA,and analyzed distribution pattern of species diversity a-
long the elevation gradient in Qomolangma National Nature Reserve. The results showed that: (1)24 plots
included 80 species vascular plants in this Nature Reserve, belonging to 23 genera and 45 families, respec-
tively. The most prevalent species were P. parvifolia, Kobresia pygmaea , Anaphalis xylorhiza , Andro-
sace tapete , Artemisia wellbyi ,Arenaria pulvinata and Rhodiola bupleuroides. (2)24 plots of P. parvifo-
lia community were classified into 10 types of plant association. (3) According to two-dimensional CCA or-
dination diagram,altitude and slope position are the main factors of affecting distribution pattern of P. par-

vi folia community and species in this area. (4) As altitude increased, species richness, Shannon-Wiener in-
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dex and Simpson index of P. parvi folia community tended to decrease,but Pielou index showed a trend of

rising in this area. (5)Coverage and height of dominant species (P. parvifolia) significantly reduce along

an altitudinal gradient.

Key words: Potentilla parvifolia; shrub; TWINSPAN; CCAj; species diversity; Qomolangma National Na-

ture Reserve

T 5 R 58 2 1) B AH G 2R — B AR S oY
MRz L g R DR E SR A — H S
R A e S TR L2 B Tk RUAE ) 0 A 1 e TR
T35 DR 1 2 0 W A 43 A A J 1 T BT
LRI RO 732 5 1 RE AR M TRT R 4B /s R D RE VR S
WEEZ I 2 22 A SRR . B, B Fh 4R 7R
SrHr i (TWINSPAN) S i v A8 25 28 ol e o T
R o 2R 05 vk 22— T B % R 43 A7 Cca-
nonical correspondence analysis, CCA) 2 1# #% £f &
G355 IR A R v R O R O i 2 L
2 FE M 1 T 550 A A% R A ) 2RI ST I 2 B
BZ— A H T 457 B ) 2 R VB0 B 86 R L
PNE R

RS W B e [ SR % A AR OR3P DX 3t Ak 75 98 o it v
T 6L T8 S e L kb B, 2 A B R R R 1 A
SRR DX, /NI G 8 A 0 A 43 A Tz A 4R
4 000 m A — E{43Ai 5] 5 300 m Z2 47 1% X 3 i 1
Pde E M HE N B . B AT XS X 2 T
T VKON A0S R DX R S DT T SR B
DX/ 45 5 A 0 DA % 03 2 L HE PP S ) o 22 4 R A
Jay B AR DG AE 8 38 R WL . A iF 58 i3 Fl TWINS-
PAN FI CCA 4387 77 1, % 3% X /N - 4 i A 98 DA
P 2R 5 HOY O R 50 57 77 ik o ss b 2
TR T T8 AROM B 0 A A TRy » 48 78 /0N W 4 8 A TRE D\
Aii 4 Jmy 5 BB PR - 22 8] B AR HL G FR L LU DR 4 X
A= S R BE DR AP B2 A 3R Al ] I 0 12 DX I L
A2 3SR G2 BRAZ AR 0 BIF 9 SR AL BE AL BT R

1 WXL

PR B3 0 [ K G B R AR AP XA T P
16 X 5 JE I IR 38 B4k . L B AL By 84°27" ~88°23'
E.27°48"~29°19'N. i f1°h 32 681. 53 km’., FEAT
B X R FJm T H o X E B PR R
g4 B XNEHEWW 0K K RS2
P AR 2 Y, DI A B T A L b A S
EBPRRAE 2.1 °C A e m AU 24, 8 °C A i B
AR —46. 4 C AR F 3 H IEHEGK 3 323 h, 4
Y% K& 270. 5 mm, T 100~120 d; =8 LI

b B A S L b R A ST ey L ) R R L TE
TR, MWK T, FEA LT
pr i ) o NS o NI Y e S
VNN e L o N A=A T S 2 A o N2
I ] Pk AR R L) T R i VI A | ) SR AR
2 W
2.1 #HHREE

2012 4 8~9 H , 7 BR 2 B 3 0 (5 K 9 3 AR
DX X /N - G R AU AR AT B SR A L AR EORE Oy R
Bl TEBFIE X, /Nt 4 B i A EE i fE g H B
CHEX mts & 3 LHimakfE o) esi B e 2.
VUK 2 FI £ E PR B CFLVY &) F1 7 B B
(T £) 55 M, W3R & BEAE 4 000~5 300 m Z ],
TEIX 8 Ml 6 306 £ /N I 45 5% A 3 DA 0 A i AR R 1 1
1A ARG 4 3] v ¥ 415 TR 100 me B 1 AR
LT E A 24 4>, TERAMEHEE 1 10 m X 10
m [ KAETT AE KA T B A S 3R A 45 i B 1
A5 mX5 m AL mX T m B/ NETT o BIE A ER
FEJT MELAKE 7 o 10 SRR T N — ) R i i 44 L bR
B BE R BE AR L X T AN AR B A ) R SR AR AR (i
T2 N B E 5 [A] I 10 SRR D7 BT 78 M 1 28 5 L £ R
P eI P PR TR E Y
2.2 HEALIE
22,1 YMEEETE HEMEZ-NHEZEMH
P& AR H T L AN [A] B % 1) L — 4 7
LRG3 O S0 =511 1| b = 79 N B N D
FESY AL

A (00) = R £ B -+ A 35 B+ A
/3

Horp X 22 B (000 = JEFh A BB/ BT A b i) B
173

FHR 35 BE (000 = BE R it 3 B / i A5 i 1y

FROGE 35 B (00 = JE R v = B/ BT A A i

IR 4G 6 DI . Bl i | 4
PYERE (e B
2.2.2 o SHMEH o« ZHERRIBEETRS
Y 220, Ri A =R 5 5 DL R V& v 25 S R AR

i ¥
=3
Vi

K I



2094 W odh MO ¢ W 34 4
SR L VAR AT R L AR T
. . . " =1|N=24
I B B (S) — M B RE I N 8 DN
D=2 |N=19 D=3|N=5

Shannon-Wiener #§ %0 (£ FE T8 F0O -
H'=—2>P,InP,

Piclou 58 (¥ 2 fE46 %0 . J= H'/InS
Simpson f§ (L HFEEO . P=1— 2 P;*
A, P S (MY EZAE L P, =N, /N3N, Jyffi
MY ZE s N R Rh ¢ T2 25 A Fh i) 2LEZ M.
2.2.3 HEHMH K PCORD 4. 0 FF
TWINSPAN # 47 B % /> 2%, CANOCO for Win-
dows 4.5 # - CCA #ATREHER . [ SPSS 19. 0

B AT AR A 3 #r

3 ZER 55

L/ EE NS

15 24 DAEHL P 02 48 RO 3 A 23 B
45 J& 80 B, bR THIW A 2 B 2 )& 3 B, BT A
WA 21 BE A3 J& 77 Bl A BREAEY) . PO B
B R LB /N4 @A (Potentilla parvifolia
24 O & W& (Kobresia pygmaea , 22 ) KR
HFH (Anaphalis xylorhiza, 11 ) . HOR &S H
(Androsace tapete , 10 ) JRIV B (Artemisia well-
byi 7 ) HAREF R Z (Arenaria pulvinata 7 IK)
FEEH 21 5t K (Rhodiola bupleuroides 6 ¥X)

TR B 2 1B %6 B (Compositae) » 2
17 Ffrs Ho gk & 5B} (Leguminosae, 7 ), &K A B
(Gramineae, 6 Fj) | % #% F} (Rosaceae, 6 Fi) Fl > 5
Bl (Cyperaceae, 6 ff); H & A 1 F iy B K E R
(Euphorbiaceae) . /N BE Bl (Berberidaceae) | J& £ B}
(Labiatae) 1 85 & A} (Iridaceae) . 7 ) Fh 44 £ 1Y
J& =B % JE (Saussurea 5 Fj) ¥ K@ (Astraga-
lus,5 M) . Z W& (Potentilla,5 #1) .55 )& (Arte-
misias4 F)FEE B (Kobresia,4 ) ; H&4 1 F
() )& 45 #5446 J& (Primula) | DUEEJ& (Fritillaria)
i =8 & (Danthonia) | i =% J& (Waldheimia ) | Ji&,
Z 2 J& (Oreosolen) . 5& ] J& (Bupleurum) Fl fi 3k 3§
J& (Cousinia) 5§ 25 J& . 5 BB EY 58. 1%,
3.2 TWINSPAN 4y

TWINSPAN 544 73 206 Bk 12 B F 0 [ 52 4
SRR DX/ 4 B M HE DA 24 ASFERB R 2320 10 420
CIE 1) S AR b AR A0) 1 T 7 i 42 L0 L 10 A4S 2053
R 10 DML,
T.d0hv2&E#H+ %8 FE (Carex montis-

everestii ) B ZEEMNQIERE L2, 4345 F &

3.1

B
=
——

< o

viooviovi IX

24 A~FE )5 TWINSPAN 43 2 ) 1k B

&1
D. 43K s N REH R & 5 1~ 24, REHLS-5 T ~ X . BEMAK A

Fig. 1 Dendrogram of the TWINSPAN

classification of 24 plots
D. Hierarchical level; N. The number of samples;

1—24. Plot number; | — X . Association types
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Table 1

Eigenvalues and species-environment

correlations coefficient on CCA axis

TiH Item AX1 AX2 AX3 AX4

FEAE{H Eigenvalues 0.593 0.514 0.494  0.437
Py - SR A 5 R AL

Species-environment correlations co- 0,990 0,968  0.967  0.983
efficient
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Table 2 Canonical coefficients and correlation coefficients between environmental variables and the axes in CCA
WEs 7 Ly £ % Canonical coefficient #9624 Correlation coefficient
Environmental
factor AX1 AX2 AX3 AX4 AX1 AX2 AX3 AX4
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2 J% Longitude —0.074 2 —0.098 3 —0.424 6 0.2737 —0.0750 —0.1015 —0.439 0 0.278 4
W Altitude 0.838 4 —0.040 8 0.280 3 —0.3011 0.847 3 —0.042 2 0.289 8 —0.306 3
B[ Aspect 0.393 4 0.119 8 —0.506 5 0.360 5 0.397 6 0.123 7 —0.5237 0.366 7
Wi Slope 0.031 1 0.072 1 0.627 5 0.505 4 0.0314 0.074 4 0.648 7 0.514 2
Wi {i Slope position —0.166 8 0.653 6 0.134 4 0.008 1 —0.168 6 0.674 9 0.1390 0.008 2
F 1R Agrotype —0.639 7 —0.016 7 —0.0151 —0.2352 —0.646 5 —0.017 2 —0.0156 —0.239 2
Hlpk 5 Coverage —0.564 9 0.404 5 —0.2639 —0.345 6 —0.5709 0.417 7 —0.272 9 —0.3516
T YRR C(E 2 R 3. mIE 2 nfFn. 48R 1.0
HEWEAA ) 24 ABEJ7 4RI ALBLCLDLE i F % 6 o5l it
N - N ’ Slope-positio
AEZS K A A KRR X 3% 2 A BE e opepen
SR AR B HC AR AL, AR AE 4 000 ~4 100 m /¢ ' o
L /3
A7 R HEI A Sy e N ) L AR SR SR RO AR 041 Covera
AR HE T 8000 LA s B XA HEBEA VL, W H K S0 e N
N NI . &= :
4 900~5 000 m, +HEAA R I B+ S HHE S 00 &f;-@ﬂ ---------- P |
o A
HOTTRRRE I A B A PE B2 R A2 50 /AT o, , iR
C XALFEREM T 74K A 5 100~5 250 m, + 3 & 0 &
. . R N } - U3
A ZMAREE, L 28, LR NE . A5 ’
A PRE B B AE 202 2 4TsD LR REM T 0] > i
FIVLL 4K R 4 500~4 800 m, 3837 Jy &5 1L VE M 08 o3 00 03 o
ifa) AP AE S0 L G E KAFEEEA D LI CCAl

FIVI TR0 B A2 AR B R 7 4 200~4 800 m Z [A] ,
TIERA I FENT R LB 30
80V ZIH: F KA FEHEMN V I IRAE 4 790 m 47,
TR FEF A L S AR WA BREE A R R
AR P A 250 A . R, B 1 Al
B 2 AT LA S HEAN T L AV B BRAS 3 7 axX 3
BIE T 3 AN B A B A AL 34 4 A TE T
K 4 500~4 800 ZJf],

CCA 55 —Hl 5 W 1 A W 1 7% It A A= 455 1) 1 4K
5 HeRNRAL (B 2 figk 20, BIVE CCA 25—l
LB AT W 3R 2 T v e RS TR el R R A
LU PN ) 328 o I8 380 A Oy 5 W 22 A R ) T T
fa] - FE AT dy /N G 6 A - BOR A S
(X FI/IN I 4 B A - v 1L - i 1 B A CIXO)
aob Y 8 )N Pt 8 A L DR 0 L R CIV D
4 R A L R VD FER N - 4 85 4+ AR
A+l R B /N A A AR B, L
HE ik oy S HERECH 0,847 3) s 7EMFFEIX
s /N P 0 A A S A3 AT AE VAR 4 000~5 300
mZ (8]l T 0 A DX v R O A R T A3 A IR

K2 24 K55 8 A T CCA —4ififir K
A~F EBX;1~24. FE 15
Fig. 2 Two-dimensional CCA ordination diagram
of 24 plots and 8 environmental variables

A—D. Ecotope; 1 —24. Plot number
JER TE o W6 A R S 7 AR Ak IR L K R L R
RS DR A 23 R A W 35 8 Ak DT 3 BT 58 XA [
TR L N 43 A 5 S ) () /N it 4 @8 Mg HE L, CCA
S5 T SO TR R TR BT A A B i B A 5 A R AR L
(2 figk 2), BPUY & CCA 5 8\ B3R 7
F 113 % T Aok 9 8 A b 2 R A, L R A6 R
FHRHEFHLERE R 0. 674 9, LEWFFEH /N4
TR AFE NS AR TETEAY I L LU R AR b AN
L1 3 55 1 Y o3 A A AR AR B B T AN TR 3o AR
S5 (R BE | 3B OK A3 TN TR 53 S5 AN (] o U A R 38 6 1)
53 i 4 AN R 04 /0N i 4 8 M RE A 5 [ B A 58 IX R /K
A7 B B EEVE 2R KR 52 ) fof R R b B R K 25 R
BER s DT 5 B0/ - 4 A 1R A i A A8 Ak o PR T 46
23 XI5 X /0N I 46 8 A A A 1Y O3 A 72 AR — E R
Wi o DL O o TR R I N S 5 i /N I 45 R A E AT R



10 39 k

T » 45 - BRAS B) 0 06 11 A% G477 DX /D I 38 A AT v L 20 S AN e K 22 R AR 2 A S

2097

I3 R A T

Hi P 3R] R R AR R A7 A S e /) I 4 R AR
HENT R i) EZH 7. W& CCA % —Hi
Ze B+ 123 A T HRORH X AR AR AR R 1 v L
MNEL )+ 1 85 A6 #E BY (Rhododendron anthopogon ,
51) M 24 (76) A BE 2 (75) 4%, 32 i i 3 21 2
A W AR Ry o AR TR 22 A R ) ) 1) A
IRE R Z(62), R % T (Saussurea gnapha-
loides ,59) M B 15 L %5 (Aster asteroides, 72) 585 YT
A CCA S M EFIF il 73 A 7612 DX e 3 B 3L
A R AE AR BE B Ve S A W) il B2 7 5656 (72) (1A B
3 (75) M4 L F 5 (Thylacos permum caespito-
sum ) 55, W7 P B o0 A AR X AL AR L AR AR
SR FEV T BB Wy Bl R (Artemisia mi-
nor »18) \ B Ky {2 2 (67) Fl A #2 /N BE (Berberis
angulosa ,7T4) 5§ ,
3.4 YMEEERYMSHEMHERLIBREERN
Tk

i P 4 B BE A TR T /NI 4 5 A 9 DA
BV Y A 3 F L Shannon-Wiener #5 4 il Simpson
TR ECE B R AR A e, b A oE W B2 Shan-
non-Wiener$i $ 5 ¥ 4k 5 1 35 19 AH SCOC & L MG

14 1
12 +
2
w2
::H:-:z 10 +
+5
== 8
-QO
e
6r o
o o
4 1 1 1
o o =~ o = =~ = =
S [ (=) f= [ (=] [ S
is & <+ ) % S Q <
loo T < <+ < < v v w
>
<
= 0951 ° o
= o
= o
2 o %O
o 0.90 o
& ° o o
= ——8”/5——/
gz 0.85 F o
A B o 0 o
i o
& 0.80 |
p ¢ o
&
0'75 1 1 1 1 1 1 I
(=] (=] [ [ (=] [ (=] (=)
(=] (=] [ f] (=] [ (=] (=)
S Q < ) % S Q <+
<t <t < < <t ) vy wvy

4R Altitude/m

Y B — 0. 526 (P<C0. 01) Hil — 0. 420 (P <<
0. 05) , Simpson i #-5 W 4 Z 10] I BEAT fk 25 (9 AR 5C
Fe R MR BN —0. 382(P=0. 065) ;fi Pielou &
BabER ST R R B BT S5z H

1.0p 7

L 166
0.8} Whr 59
Slope-position

0.6
0.4F
0.2}
<
o 0.0
Q
70.2 -
_0.4 L
Latitude
—0.8 . * !
—1.0 —0.5 0.0 0.5 1.0
CCA1l
Bl 3 80 Aty 8 AIREE Ty CCA 4 EfF
1~80. Y fp5
Fig.3 Two-dimensional CCA ordination diagram
of 80 species and 8 environmental variables
1—280. Species number
2.50
P
§225p o S o
.8 ° 5
&y 9 o
2 o (o}
£ 5 00 o S °©
= o
ii 1.75F o
N e B
g 1.50F o
= o
A o
1.25 . ! . Q .
o o o o o o o o
S (=] (=) S (=] S S (=)
i a ¥ © ® & & =
+~ <+ < < < wv  w
0.90
5 (¢}
]
£ 0.851
=t
2
= A
£ 0.80
%)
& 0.75
B o © °
= 0.70 D
= °o
065 : :
S S (=) S (=) (=) S ()
S S (=) S (=] (=] (=] (=)
S & ¥ 9© % S A& =
<t < < <t <t v ) v

& Altitude/m

&4 BRAE RS04 [ 52 9 B AR DR AP DX/ I 4 5 Mg o DA T U I OB BE 0 R R BE (A
Shannon-Wiener #5 %% (B) . Pielou #5 %% (C) Fil Simpson 5 % (D) 7% {1k, #4 #
Fig.4 Changes trend in species richness(A),Shannon-Wiener index(B) ,Pielou index(C) and Simpson index(D)

of P. parvifolia community along the altitude gradient in Qomolangma National Nature Reserve



2098 [T A i N // M= S 34 4

% B Coverage

o
(=] (=) (=) (=)
S s S 3
S & ¥ °
R
i Altitude/m

B5 BRI D0 [ 0 B SRR X 24 ASHE T /0N i 46 88 A 5 BE CAD FISs B () W g A0 3 A2 e 34
Fig.5 Changes trend in coverage and height of P. parvifolia along the altitude

5000
52001
5400

0.50p ©
B

£ 040

b=

)

5 0.30

T

gz

E 0,20
S [ [e) S S S [ [w=]
(=) o <t =) o0 (=) o <
+~ < < < < v wn  n

4K Altitude/m

gradient in Qomolangma National Nature Reserve

WA EFEHMHEL R AMIEREN 0. 173(P =
0.420), TEWFFEIX P o 7N 4 5% A T A 3 2 53 A 75
T4 4 000~5 300 m Z[H], I EH A AAlEERH T
1300 m, & WK 0 Tt & SR W RE AR 2 R
AR A RREE S B 2 R AR S AR AR Ok
MO AR Z A Y O S BB IE I X FE AR A Fh S
Wiod /b, ) R E L Shannon-Wiener 4§ £ fll
Simpson fE 543 E Wi FEAR. H & 5 KU, Bl & 3k
AN TE R S B D7 R N I 4 R AR Y 36 N R Y R
AT R AR R E S B D — 0. 551(P<<0. 01) il
—0.753(P<C0.01) . XKW | bE & i35 19 F+ = . 1
ST/ IN I 4 A 1 A A B A S DR/ S DA T 5 B0
T 35 5 £ (Pielou $8 80 2 B i #4 m . [F i, 72 & 4
Hh] LA SR 43 v A R 1 XAV AR B R )
FrEa MR X F Rl TR XA
TR T 22 R T b PRI 3 R 25 S EOR L TR R
R TR R 1 DX AT A Ry 8 AE B IO Sk A O R A ) DX 3 E
T E S RUHE LK BHL B T RE I R XUk 2 ) A i B
FEREYOE BT 3 0 B K L G I O T R 5
Vs MO b3k L R B e v AR b X AR A 1 KR
JE RN AT 1) - 98 5 b, R OR339 A ) S X
ARG SN YR EEE,
4 3

Xof B U 30 0 ] R % Y SR AR X /N I 4 R A
INFEVR IR A A3 T L 7E 24 SRR b, R B 80 A
T . H B 5 o 1 ) Rl kg /N 4 S AR R L
R T CHOR S A GV HOIR T R 2 R4
[iEAS= O NL 7 F ST E AR S SF Wk /R R €
ZMEENEHE .

454 TWINSPAN 4§20 43 28 45 R F1 CCA — 4

He e 45 0] LA e, ) 24 BR B2 1 3 06 1) K % B R
PRAP DN 45 5 A HE DN 7% S 0 b o3 A 4 JRy 114 32 3L
Hu TR R 2R A v B RT 3B 67 o i I R0 %o P g o L e X
FE W) T4 W 9 2 WY L T A 2 52 W) 32 DX ) 9 0 AT
IR FEE N F 22—, PiBTE X 2R B W 04 o5
A7 V8 VU VD AR W EAT T RS A R R ] M R
SR XA R i R EE 2 —. EER
R A AR LI AR B EAT TR AR
FE W S R SR R 1% DX ) B TR O A A% R B 32
B FZ—. A4 R W R i3k 2 5 sk B
B i e ] G 0 1 SR DR AP DX /N I 4 8 A VRE A % o3 A
& Jay 4 dc £ PR K F AHER 4 000 m 3] 5 300 m
T A AR UK O3 AT 2 /N i 46 B8 g+ LA s L
BN /NI 4 B g - BORS 2 AC R LU EE A /D
M4 R M - HEALSE A Il RN N G R
M v L KRR+ 2 8 RS A /N 4 B M D
T E A LN It 0 o L R A LN i i A -
FE H B 5 M R A /N 4 8 A VR
T3 AR - e 1L BB A /N i R A R A A+
e LU TR N FI/IN I G R A AR S RN . R
23 AT Xk 1Y R Bk 0 L R A 0 Rl X L B
B BF 5 96 IR 5 i B2 T HE 7 435 SR 5% el B K V9K
X R WA /N L 3X AT BB A R T IO B 40 A B T AR RS
FE (5 100~5 400 m) A2 4L 3 b 5 L 1) s TEA B s
S RA RN TR DL A B ORI DG R 0,570 9) X/
W < 5% A E AT TR HE P 4 SR A B

FEAN A D38, A ) 2 REVE TR I AR M AR A & 2
B AS [ 1) 23 A1 A% JR o A0 /0N 8 A5 6 AR AR 3% 1L A
ASVE N D Z RE R IEAT T B9, 25 2R 2 W 3% XA RS
THE N b 22 A AP I Y 1% T v 2 3 S AR (PR U
Ay AR SR o 3R AR IV O A LA L A



10 9 k

T » 45 - BRAS B) 0 06 11 A% G477 DX /D I 38 A AT v L 20 S AN e K 22 R AR 2 A S

2099

A PR Z AT TR SRR R R
Shannon-Wiener %% fl Simpson #§ % Y5 b i 5 T+
F R BN R Plelou SR 8CE B LA 3. ABESR
SERW R BRI B 0 [ KB RO X/ 4
2 METE AHE v W1 2 61 2 | Shannon-Wiener $i§ %01
Simpson $& % 15 B 8 kT R B T FE RO B e T
Pielou 88 B0 1Tl ss . ks = 50 X v ik
g - e TR A WA - b X vy L AT B F 9 4 AR 3R
B W Fh 3 R A Z AR B S R R R R
UFRY RO OE R o AR BIF 5 45 R e W] Bk 7 ) 1D 0
FE R AR DR XN I 4 8 g 0 N ) P -
Wb 2 B M 8 3 (Shannon-Wiener 45 %% . Simp-
son $8 0 AL W FEIEAAFTE W H ALK R Y
3 = F .Shannon-Wiener 85Ul Simpson 51 5
L) 35 B B A O R B0 3l D — 0. 007 (P =0. 975) .
—0.209(P=0.327)F1—0.199(P=0. 350), XH#AJ]
AE 55 AE BT AL A= BE A5 O AN T 5 RS 1 8 L A i A B
O3 A AR Ja R A B AR A AT 22 R M G 2

SR DT 3 S50 o 2 A A o 2 A 9 i A 2
A 5 T /)N 5 e A ORI T AL Y A X LA L 2R
S AR AR AR O B S BOR A B 2 S ME AR X /N . W)
ol 22 BEPE AN 2x Bl Bl AR A . KR T
TE A 358 25 1 22 S PR B0 0 DX 0l A 8 B2 RE A A
8 A 22 R AR 35 2% 1 22 S PR /N 1 DX 08K
Bl BE BN RE AL 95 R A ) 2 A

PRI FEAE AR N T /I i R A R A v AR
W) ol 2 A P e L A AR JR LA R R TR T 7 0 A A R 11
PREEIN T A B TR 55 R4 X AR W) AR AR S ER R
PRI . BRAZ B FY U6 [ 0 1 AR AR 3 DX e BRI AL
SR DI S AR SR L 32 XSRS T T v B K R
WA KNS T AR 4 0 AR SR A T
AN R o T /0N 4y B A AR I IX AT Tz
TS B IR R A 5 32 B U AL AR B 2 ) [
1 S DSLAZ% L DX 5 /) - <5 58 A R DA X 4 BRE 1B 1Y
M PO BF S o JEHRAE A BRI T 5 R /N R
G AR 2 1) oy VR AR e A% A T E o S

S % 3k
[1] GUISAN A,ZIMMERMANN N E. Predictive habitat distribution models in ecology[ J]. Ecological Modelling ,2000,135(2) :147—186.
[2] MOTZKIN G,EBERHARDT R,HALL B,er al. Vegetation variation across cape cod,massachusetts: environmental and historical deter-
minants[ J]. Journal o f Biogeography ,2002,29(10):1 439—1 454.
[3] LEGENDRE P,FORTIN M ]J. Spatial pattern and ecological analysis[J]. Vegetatio ,1989,80(2) ;107 —138.
[4] COMSTOCK J P,EHLERINGER ] R. Plant adaptation in the Great-Basin and Colorado Plateau[ ] |. Great Basin Naturalist ,1992,52(3) :
195—215.
[5] PINDER J E,.KROH G C,WHITE J D,et al. The relationships between vegetation type and topography in Lassen Volcanic National Park
[J]. Plant Ecology .1997,131(1) ;17— 29,
[6] ZHANG X SH(#K# ). Indirect gradient analysis, quantitative classification and environmental interpretation of plant communities in
Ngari, Xizang(Tibet)[J]. Acta Phytoecologica et Geobotanica Sinica REHY) A 35 % 55 MR H % 2 4) . 1991,15(2) : 101 —113(in Chinese).
[7] FANG ] Y =) . KANZAKI M(#iF 7). Community structure of alpine sparse vegetation and effects of microtopography in Pushila,
Everest-Choyu region, Tibet,Chinal J]. Biodiversity Science (4= ZF:E) 2004 ,12(1) :190—199(in Chinese).
[8] ORLOCI L. An agglomerative method for classification of plant communities[ J]. Journal of Ecology,1967,55(1):193—206.
[9] LEGENDRE P,LEGENDRE L. Numerical Ecology[ M]. Amsterdam: Elseriver,1998.
(10] a4 1. %G5, 5. YR 260M . et B2 at . 1985,
(111 SR E. AR IML. L AR AIME % AL, 2001,
(12] ke, Ko A 32 G 2 O M. JEat Bl ek . 2004,
[13] GAUCH H G,WHITTAKER R H. Hierarchical classification of community data[ J]. Journal of Ecology,1981,69(2) ;537 —557.
[14] ZHANG ] T. Succession analysis of plant communities in abandoned croplands in the eastern Loess Plateau of Chinal[J]. Journal of Arid
Environments,2005,63(2) :458 —474.
[15] ZHANG J T,XIANG C L, LI M. Effects of tourism and topography on vegetation diversity in the subalpine meadows of the Dongling
Mountains of Beijing, Chinal J]. Environmental Management ,2012,49(2) ;403 —411.
[16] DE CACERES M, WISER S K. Towards consistency in vegetation classification[ J]. Journal of Vegetation Science ,2012,23(2) ;387 —
393.
[17] NOROOZI J,WILLNER W,PAULI H,et al. Phytosociology and ecology of the high-alpine to subnival scree vegetation of N and NW I-

ran (Alborz and Azerbaijan Mts. )[J]. Applied Vegetation Science ,2014,17(1) :142—161.



2100 [T A i N // M= S 34 4

(18]

(19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

ZHU Y PCREMS) .LIANG J(3 %), Numerical classification, ordination and species diversity along elevation gradients of the forest
community in Kunyu Mountain[ ] ]. Scientia Silvae Sinicae (RN FF2%),2013,49(4) ;54— 61(in Chinese).

ZHANG ] T,RU W M, LI B. Relationships between vegetation and climate on the Loess Plateau in Chinal J]. Folia Geobotanica ,2006 ,41
(2):151—163.

WANG Z R,YANG G J,YI S H,et al. Effects of environmental factors on the distribution of plant communities in a semi-arid region of
the Qinghai-Tibet Plateau[ ]J]. Ecological Research ,2012,27(4) ;667 —675.

ZUO X A,WANG S K,ZHAO X Y,et al. Scale dependence of plant species richness and vegetation-environment relationship along a gra-
dient of dune stabilization in Horqin Sandy Land.Northern Chinal J]. Journal of Arid Land ,2014,6(3) :334—342.

WU H(%  2),ZHANG M XKk E) , WANG D X(EH4). Diversity characteristics in different layers of Pinus tabuli formis-Quer-
cus aliena var. accuteserrata mixed forest and environmental interpretation in the southern slope of Qinling Mountains[ ] |. Acta Bot. Bo-
real. -Occident .. Sin. (PG Y% H0) .2013,33(10) :2 086—2 094 (in Chinese).

SHEN Z H(E 3 %), HU ZH W) . ZHAO J(® {82 et al. Altitudinal patterns of plant diversity on Mt. Guniujiang Anhui Chi-
na-with a discussion on the ecological impacts of hilltop condition[J]. Journal of Mountain Science ,2007,25(2) :160—168(in Chinese).
ZHAO C M,CHEN W L, TIAN Z Q.et al. Altitudinal pattern of plant species diversity in Shennongjia Mountains, central China[]J].
Journal of Integrative Plant Biology .2005,47(12) .1 431—1 449.

WANG Z H,TANG Z Y,FANG ] Y. Altitudinal patterns of seed plant richness in the Gaoligong Mountains, South-East Tibet,China
[1]. Diversity and Distributions .2007 ,13(6) :845—854.

o R 27 B 75 98 e R 2R B2 2 A2 BN PO LML Jb ut B AE i Rat . 1988,

PAN H JOGEEHE) . YANG D D(#%i8 ). Herpetofauna of Mount Qomolangma National Nature Reserve in Tibet,Chinal J . Biodiversi-
ty Science (W) ZFEPE) ,2013,21(5) :610—615(in Chinese).

SHI S LA MM ,PENG P HGEZ B 4F) . Study on the Pteridophyte Flora of Qomolangma National Nature Reservel ] ]. Acta Bot. Bore-
al. -Occident. Sin. (W§ALM Y2 H0) . 2012,32(7) ;1 459—1 465(in Chinese).

NIE Y(& 5),ZHANG Y L5454 ). Monitoring glacier change based on remote sensing in the Mt. Qomolangma National Nature
Preserve, 1976 —2006[J]. Acta Geographica Sinica (#131%#3%) .2010,65(1) :13—28(in Chinese).

o [ B2 B VG HCRE 2 2 A A TRAS B R 0 o X R A 2 AR B AR IB I M. JE Rt R4 AL L 1975,

FANG J Y5 K5 =) WANG X P(F 2% ). Methods and protocols for plant community inventory[ ] |. Biodiversity Science (4 ¥) 2 %
:),2009,17(6) :533—548(in Chinese).

LA Q($L 3D . ZHANG W J(3K 3CB)). Habitat types and phenotypic variation of Hippophae tibetana along an altitudinal gradient in the
Rongbu valley of Mt. Everest, Tibet,Chinal J]. Chinese Journal of Applied Environmental Biology (3 J 5 ¥ 55 4= ¥ 2 4% ) , 2010, 16
(2):173—178(in Chinese).

XIY XOUBEBKH) ,ZHANG ] T34 %), L1 J L(Z2% ). Quantitative classification and sorting of subalpine shrub and meadow land
communities on Guandi Mountain[ ] ]. Acta Prataculturae Sinica (FA\V ) ,2004,13(1) :15—20(in Chinese).

LIU X N(HIZNE) . ZHANG D G(gkfE 52 ) ,SUN J L(#M LK) . Plant diversity and disturbance on the Rhododendron shrub grassland of
eastern Qilian Mountains[J]. Acta Agrestia Sinica (B H2#4R) ,2007,15(1) :13—19(in Chinese).

YUAN J YCE#3) ,ZHANG ] T(34:d) . XT Y X BRH) . Species diversity of subalpine shrub and meadow communities on Guandi
Mountain, Shanxi, China[ J]. Acta Prataculturae Sinica (¥lE%:3}) .2004,13(3) :34—39(in Chinese).

YANG X CH(#2:#) ., ZHANG Y L3k 5480 ,ZHANG Wik ). Climate change in Mt. Qomolangma region in China during the last
34 years[J]. Acta Geographica Sinica (M PE2£4) ,2006,61(7) 687 —696(in Chinese).

LU H Y(Bg2r W) ,DU J(H: %), YUAN L(3E §§). Variation characteristics of extreme precipitation events over Mt. Qomolangma re-
gion in China from 1971 to 2012[J]. Journal of Glaciology and Geocryology (K1 % +),2014,36(3) :663—572(in Chinese).



