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The effect of natural factors and disturbance intensity on spacial heterogeneity of

plant diversity in alpine meadow
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Abstract ; Structure and biodiversity of herbages were examined using the both transects and quadrats along topographical
gradients on both shade and sunny slopes at the core zone of Three Rivers Sources Nature Protection Area. The relationships
among richness index, diversity index and environmental factors (altitude, bare patch, slope, soil total carbon, soil total
nitrogen, soil pH, soil total dissolved salt) , disturbance intensity (rodent destroying and livestock grazing) were analyzed
by factor analysis and partial correlation analysis. The results showed that the Margalef richness index of forbs had
significant ( P<0.01) correlation with the Margalef richness index of all species; the Margalef richness index for this two
functional groups presented a peak with higher species diversity index in the communities of middle elevation on the sunny
side; there was a positive correlation between the Margalef richness index of forbs and all species and altitude gradient on
the shade slope. With the increase of altitude, there was not distinct change on Margalef richness index of grasses and

sedges. According to the results of Factor Analysis (FA) and Partial Correlation, the First principal component, including
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soil patch, rodent disturbance and grazing intensity, significantly affected most of the biodiversity index of total species,
except Margalef richness index of Cyperaceae, Simpson index of Gramineae and Pielou evenness index of Gramineae. So,
the main factors influenced the diversity of all herbages on the sunny slope were soil patch, rodent disturbance and grazing
intensity. Soil total carbon and nitrogen had significant effect on the diversity index and evenness index of grassed on the
sunny slope. soil pH, total dissolves salt gathered with slope greatly influenced the richness index of sedges on the sunny
slope. Altitude, soil total carbon and nitrogen, soil pH all had major effect on species diversity on the shade slope. The
conclusions are that the spatial heterogeneity of species diversity resulted from the interaction of geographical environment
(altitude, bare patch, slope) , soil condition (soil total carbon, soil total nitrogen, soil pH, soil total dissolved salt) and
disturbance intensity (rodent destroying and livestock grazing). At the small scale along the altitude gradient, the effect of
the environment factor does not have significant effect on species diversity. Soil circumstance was the main Influencing
factor for altering species diversity under no-disturbance or slight disturbance. Under heavy disturbance, intensity of
disturbance had more significant influence on species richness and diversity than environmental factors. Reducing the heavy
disturb such as grazing and rodent destroy was the first choice for preventing the degradation of alpine grassland and loss of

herbage diversity in the alpine region.
Key Words: natural factors; disturbance; plant diversity; alpine meadow
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Fig. 1 Vertical distribution of the richness index on sunny and shade sides
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P Sl P I (B3R ESR  D-T \D-C \D-G \D-F J3 BB B A ISR RARE K 222 AP Simpson 5 %L Simpson index; J-T ,J-C . J-
G J-F 23R & SR DR RARL R AR Pielou 3557 5 5L

2.3 HYZ R BRI A EOC R

FHOC AT SRR (3R 2) MRV AR RS ) =F 55 BEF8 550 Z AR PR B 34 5] BEdR Bz 0] 1Y
AHIEIE RIS, BN 2 & e 40 5 ZREETR BORT Pielou 4] FEHE B2 1A] S (i AHE K R (P<0. 01) |, 1 ZREE

BRI S FEAR R Z [ S IE A OGO R (P<0. 01) s RAFLIZEREM YA 5 B 20 SRR EORI S B dR d 2

[ 34 2 IEAHIC R (P<0. 01) 5 WWHRLERE YA B9 4= & BE AR A0S 2 HE MR8 A0 IS &) BE a5 [a] T 1 35 R0 DG 1k 5
FeRREASHEI ZFE MR BRI &) BE R 5030 SAH MRV SR Z FEMEHR BIORY 5] BE R B0 A2t i 3 A DG R (P<
0.01) , 1M 73 FM ST RERE (1) Z2 FEVEFS RO 1 &) FE 45 80 S5 M W RE 7 SR 2 REPE 5 BORI4 2 BE 48 45000 W A

FHOC AT AE R R (R 3) MYV I SR VIR B S VP R Je S RO i 2R R 4 10 35 T A
KRFR(P<0.01) AHWRER I SR &) FE AR RS VP R R AR R R &) R 4R B IE MG KR &R (P<
0.01) ; WfEd& (1) SR Tl £ 5 B 5 SR ) BEFR B H] 22 AR DG OC R (P<0.05) s YRR R 3 B L 24
PEFE ORI 5] BEHR ) 2 35 IE A GG R (P<0.01)

ARTRIZE S BERE Y Al HL 22 A% 48 B 9 A DG I N — 3k, X 5 HA i 55 2% B A5 B Margalef 45505
Simpson FEEUE E M, Pielou 8405 & R 2 HEMEFE B B 45184 FrASTA]
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Table 2 The correlation among the diversity indexes on the sunny side
Dy,-C Dy, -G Dy,-F D-T D-C D-G D-F J-T J-C J-G J-F
Dy,-T  0.44™*  0.32*"  1.00**  0.50**  0.49"*  0.25*"  0.49**  0.67**  0.39"*  0.31* 0.66**
Dy,-C 0.00 0.43**  0.26"*  0.87** -0.04 0.24**  0.27**  0.91** -0.01 0.24**
Dy,-G 0.33**  0.03 -0.02 0.94** -0.01 0.10 0.01 0.95** 0.03
Dy,-F 0.51**  0.48™*  0.26"  0.49"*  0.68*"  0.38"*  0.31"" 0.67**
D-T 0.30**  0.05 0.99"*  0.91**  0.26**  0.07 0.91**
D-C -0.06 0.29**  0.34**  0.89**  0.00 0.31**
D-G 0.01 0.09 -0.01 0.95"* 0.02
D-F 0.88**  0.26"*  0.05 0.91**
J-T 0.26**  0.12 0.99 **
J-C 0.03 0.24**
J-G 0.07

Dy, T\ Dy,-C Dy, -G Dy, -F 53 IR EBETE SR SRR RARE M 4K R Margalef “F 5 BEFE$; D-T \D-C \D-G . D-F 43 IR KBTS 5
T BHRERL RAFRL KK TR Simpson T8 J-T.J-CJ-G J-F G iR AT Sk DR ERL RAFL KK FHIY Y Pielou 35 B L
 x MMM HEAKE P<0. 01, = FHEAMT B3 MK P<0.05

K3 PEREEMHSHEEEEAXXER

Table 3 The correlation among the diversity indexes on the shade side

Dy, -C Dy, -G Dy, -F D-T D-C D-G D-F J-T J-C J-G J-F
Dy,-T 0.21 0.37"*  0.95"" 0.20 -0.07  0.50**  0.37** 0.14 -0.17 0.35" 0.33"
Dy,-C 0.04 0.10 0.25 0.52** 0.0l -0.05 0.30" 0.50** 0.11 -0.01
Dy,-G 0.37**  -0.07 -0.15  0.86"* -0.25 -0.17 -0.17 0.85**  -0.23
Dy,-F 0.02 -0.27  0.51**  0.41"*  -0.06 -0.42**  0.28 0.37**
D-T 0.63** 0.08 0.39 " 0.80 " 0.45** -0.03 0.20
D-C -0.20 -0.06 0.74 % 0.89** 0.07 0.14
D-G -0.06 -0.15 -0.29%  0.78°*  -0.20
D-F 0.33*  -0.20 -0.27 0.71**
J-T 0.68%* 0.05 0.53**
J-C 0.11 0.03
JG -0.09

Dy, =T Dy, -C Dy, -G Dy, -F 28R IR BA I5RERL RARE MK FHIYI R Margalefl 2 5 EHEHL; D-T D-C . .D-G . D-F 733 CR M B
W ER ORAFRL B IR K E AW Simpson T840 J-T.J-C  J-G  J-F Sl ACR AR SR B R RAFRL B Ze KB MY Pielou 2 B L
# o ARG W F VKT P<0. 01, = MRS W3 KT P<0. 05

2.4 fEYZHHESHERT TRENCR

7o et SR 3R I, BHSEREA LA EE R  5 TP B (Rl AE AR AR S A SR DG & | it AR 3RB BE (AL) |
PRBEHE AL (BP) MR (SL)  H3ERER (SC)  BVA A (SN) 3 pH {H (pH) | 3R TR &5 8 (TDS) | F
FTYUREE (RL) JBCHGREE (G1)9 MRRIEA KT $EH 3 DT 2, 2, Z BRI 350y 5. 497,
1.966 F11.537, 0] DA A8 R0 61.081% ,21.843% ,17.076% , 23T B AR 78 5 100% . NPT 1Y B
RFRRUF

Z,=-0.211AL+0. 320BP-0. 166SL+0. 150SC+0. 089SN-0. 013pH+0. 010TDS+0. 259RI+0. 209GI+£,

Z,=—-0.021 AL+0. 122BP+0. 185SL+0. 463SC+0. 453SN-0. 016pH-0. 088 TDS+0. 100RI+0. 021 GI+£,

Z,=-0.029AL-0.202BP+0. 457SL-0. 096SC+0. 041 SN+0. 408 pH+0. 329TDS-0. 020RI+0. 032 GI+£,

Z AR R AR B A | BRSPS A | PR - 38 40 1 R 0. 992 0. 970 F10. 920 ; 7,483k 1%
MR REE R N a2 B 0.976 A1 0. 984 Z, 40K 3 pH {H  TDS & FI3% B, K7 28 17 20 51 Ny
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0. 879 .0. 760 #10.733, FFHIFEE I 3 A F2 800008 B HAR P A % L2 S REREH P = 6 BE 95 50 2 R ORn
5] BE AR B AR O A 45 R R AR AR R S AR R (S-T) ARABLRBEE R ERE(S-G) A HKH
FREE W SRR S-F) MRS SR Z IR R (D-T) I HFIERF 2R (D-C) IR RR R 2 HE 1
TR D-F) PR BRI S AR R (J-T) (PR BRI S AR B (J-C) AR R SR8 (J-F) &
S — M 2, MR FEIE(FR4) o WX —SR AT RUHEWT | BRI HIAR | U 2l 3 e i A0 T4 5 B X
HOAB B 2SR R R MR B DA SR B 5 X VB R S R BRI i ™ B AR B — R, B 3 pH (BT TDS ; X
AT B 22 REEAR RO 5 BE R R0 B B 25 2 M A 50— F28n, BRI S e R 1 s X R e Ay
AR I P B — R0, AR R BT AR | BRI s B AR

R4 ERSESSHEERBREERX R

Table 4 The partial correlation coefficient among diversity indexes and main factors

Dy,-T Dy,-C Dy.-G Dy, -F D-T D-C
Z 0.376 " -0.062 0.442 " 0.352* -0.362"" -0.475""
7, -0.027 -0.041 0.073 -0.028 -0.012 -0.068
A -0.026 0.237** -0.366"" -0.018 -0.012 0.053
Z, 0.524 " 0.318" 0.643 " 0.450 ** 0.343" -0.085
75 -0.366 " -0.475"" -0.242 -0.118 0.391 " 0.360 *

D-G D-F J-T J-C J-G J-F
Z, 0.076 -0.379 " -0.468 " -0.397 """ -0.064 -0.478 "
Z, 0.323** -0.016 0.053 -0.047 0.314** 0.046
Zy -0.304"" -0.036 0.053 —-0.027 -0.225" 0.010
Z, 0.209 0.223 -0.091 -0.384"" -0.237 -0.069
Zs -0.118 -0.014 0.432*" 0.381"" -0.043 0.030

Dy, =T \Dy,=C Dy, -G Dy, -F 73 SRR BES B PR RAE) B A2 B AP () Margalef F 57 185, D-T \D-C .D-G . D-F 73 HIARGFRREE AL
PR FRRE RAB L2 TP Simpson $8HL; J-T ., J-CJ-G  J-F 73 USRI B B FR RABE M AR ) Pielou 12) BEFE 4K
ARSI R TR P<0. 01, = (AR SC 4T B2 VK F P<0.05

XoF T BH 334 i DA ) PR ) AR, T DA S BRI sl /D HL AR YA AR BT, TR O e i 8 6 A
Y22 FEME R ] L ZZBEANTE . AH RT3 B 25 SR 301, A58 R 7 (RT3 AE A B om i e i | DRI XA 2
BE MR RS A pH (R I B TR EER 6 N ERIEEUA T, U E R Z, R0 Z R IE AR
5 4.607 1. 175, 5 BIfd BT A 78 B AR 510 76.790% F1119.370% , Bt Bk 96.370% , 5 R F iy HAK R 18
HUF .
Z,=0.182AL-0. 210SL+0. 236SC+0. 227SN+0. 196pH+0. 077TDS+£,
Z5=-0.22AL-0. 010SL+0. 162SC+0. 223SN-0. 146pH+0. 833 TDS+£,
Z, FEAFMGPOE | B3Rk B R DL pH (E, H #4510 0.931,0.995,0.929,0. 958, Z, £ %
I 4 TDS, H K F 20 0. 996, FIl FHH I 2 PR - 5 4 i AR B 40 ol 2 A5 2 i 50080 i 4 G 2 BT 285 SR 3=
B AR VAR B AR D, T RARERE 5 B D, -G AR R £ & AR5 D, -F W HFL
WS R EL(J-C) S5 U T A5 7, W0 835 1EAH 56 A ETE SR ZRE T8 B0 (D-T) IS R R 2 et
B(D-C) MWHEE SRS EEFREL(J-T) S5 1WA Z, A 80 E WA W R R & R D, -C
5 Z AW B ZERACCR(F2) , WX—S5 00T LW W 50ph B | 3eme 0% 5 LA pH {EDXT B 3 A
i) AR 10 2R MR A XK ; -3 TDS XV RIS B W Fh =F & B2 A B T2, 14 2R R B
TE T 5 225 B ) P A AR M 50 5 2 32 M PR B | 398 i B AL \pHL 2%+ TDS (52
3 it E&R
FEYIRE 22 R BE VIR = B 0 AR AR LA — B AR A F G W A S B 2 () 1, O 58 X 2 00 AR AR
H VNG AR ) RS A N 1k, SR R TR A W 2 R M R R B AR AR R o TG R
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W — e A W) R S BT TGS BRI IR G577 5 05 b — a2 )\ Oy A ) 20 R A M R B
L SIS SR 25 5 A B A N Ry W 2 R P B ROBR BE (S A T T R 0 AR SR S SRR . T
SRR FEA W RE VS I S0 R RS RO IR S R i) My A A PR ARV AT R R, T 3 i A
RN 5 B 5 RS LR B4 e FEE T2 400 5 BRSBORE A R A AL AR v 114 A 0 o = o 8 A TR BE Y R N AR A
BUN, Z R ETE RO 5 FEFE BN 52V 7 R AR o R rp e e BE R I 3.l DL, 9 PR R AR R
v LR Z RV R T A R E A R AT IS — U . MARBIFSE I T 0 A 4 2R, e A e AR ) 2 AR R 23
[A] 73 SRR R s B EREE (MR B M) (R IERIR (LRI L0 pH | L8R 00 ) R TR AN Rk
TERIMEER, X — R IAEENE 7T A 6T RS A 2R 5K MIE | 3R ARI
TG B ST L R A AR 2 IR AT G Y AEIE it L nT IR S SRR 4 a4 D 1k e
MBI R BRI o P2 AR A MU B O 218 B N

ARG A A BH S T4 A J3E 15 -0 JEE A 3 0 e st R A B v P, DR AR IX 7 = ) . DR A 25
o TR b BRI BE T TP B A A taR AL R B s ss , RE AL ) RV R S 2R A 2 4
PEFR BRI S BEFE RO, UL W+ P02 28 e s A R A1) T Vit DX e s A M e Vs Z RV E RO IR
FErPfER P R BB ALY B L T SR i Dh BE A —— VS R RHE W O W b 2 R R 50 B e g
117 SV TUR, /A AT 0 B RE A —— R AR LA ) 14 22 A P R4 5 B AT, 150 B o 88 00 A R 7 e Ji A A AL )
ZREVER SRR X —Z5e TSRS TP TR . AN S RERE R AR BRI 2] SR e ik
BRI R RO, I R RHE SRR AN BB A2 SRR A LR ) 22 RNk 10 00 S5 S0l 25, U DA ) D) BE AP P
WX T PRI A A BB AR R RARL SR IR 2R S e A i A OE S L pH A
TDS B3 ik 3 SR OC , XU AR AR it 8 o0 A 52 H R PF RO IR

ABIFFE 8 1 3 AT BRI A 5 M40 B X 2 ) 2 A R AR A B PO 6 B, 52 ) B R AR A A v W ol 22
PR T DA Z R BRI 1A AR O B e S 8 2 TR R BRI 7% 51 A58 DR X il e 9 22 Ao P 14 2 o B
AR ANRIZL X — S5 FE T EIE T [ S A s g 5 XU R SRR RIS A B, 9 T e HU BRI
FRPR AL EE MR ) 2 R Y R SRR AN R A A (RS R Y, A AR R 1 R TR
iR B IR A ) b ) AR AR TR IS 42 AT UL OB — R A AT, SR RO AR S R G
P AR B N 2 — el M B BRI AR T PR BRI AT R A v 1 40 M A R e A
AL A BRI BT UL R U B A ) R T D G 2 Sl R R T R e A
REAI A o 45 1 0 R - SR VNIRRT R P AR OO g i R AR R A 1
TN B RRBE TR DRI 3 HICHORIZS ) BRI 3 2 A e B b 2 ) 2 R P 1 T A it BB A A2 A
RN Bl TP/, JCHRBE B, 52 e e st AR 0 22 AR A0 Y 32 B8 DR O e 4R JEE | 3 e /UL &% pH
{ELFIIBERE BR5E IR 7, HHGS 28 S D RERE ) o 22 R 1) S MR AN (), 3k BB PR [H] - O B0 R 1 i 22 S 805 R R )
REFRI PRI ZAEAEI D ARSI RY P B0 ARG N, S B v ) AR VAR Jo DR b A A A
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