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Table 1 Characteristics of plant community in alpine grasslands with different desertification gradients
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Potential desertification

BREETE

Light desertification
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Severely heavy

R VL

Moderate desertification Heavy desertification

gradient desertification
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Vegetation cover
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Proportion of bare land
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LKL




SRTRE . E R YD RRAR MR M S A SRR A

A s B 25 R S R MR B A 25 . A
YIRS R A S S R AR bR
7By TR E B I ey i =E 2 R AN T 2.2
PR TEE, L= E T 65 C MU 48h
FEEEA R K DAY E ek A A A
Ve s A . FERI e LR R T
HRFZEEL 1 A4S 20 emx20 cm B4 (REH 10 ecm ),
A 5AEE, HEMNSE 2 mm i EHTT,
M5 FHERESSCHRE SRy it 100 Hf, H3Ek . A
TR HICER TG TR
1.4 HEFE
141 FT2MAH

HZ(H (Importance value, 1V ) JELIAHXTZ &
(RA). tHXI 35 (RP), MHXT Y4 (RB) SF481n
HIZEERFAE, BE LA & I sz it AN [) ) b 0 AR
E AT B, AR AT DL s R R R
LA AER (S48, 2014 ), BHEH (%) it
BT .

IV=(RA+RP+RB)/3 (1)

142 A SIS EGTE (F2IBE, 2015)
(1) F¥7% (Simpson ) T5%k
S
D=1-) P (2)
i=1

(2) FAe-Bigh ( Shannon-Weiner ) $5%%
H'=-3 Plog, P (3)

(3) Pielou 2] H8%L

H' H'
EFE=——=— (4)
H InS

max

A
P—55 i DR SRR SRR 1 LB
S—FEHLN IR
143 AXEESEEWHHE
HEZSA FEBE R A Herbert 181E )5 19 Levins AE3S
HiFERE (Levins, 1968 ) #HfritaE.

B. = ! (5)

J t
2
(x Py

k

e

B4 j MNYIR A AR 0 R, B0, 175

Py j NYIRESS kD BTEUKE R EE
T BERURP_L E SRR R EL ] 5

1563

—HET B
SN ESITEAR (Levins, 1968) AT :

PP,
04‘1' - ( 6 )

,/ PP

k=1 k=1

.

O 4Rl i 1N j BAEZS A F B (H ;

Py M PR § A1 j DNIFERR & ANREDT
() ELE IR ARy T B (AR L B8

—— T B
1.5 HiESGit o

S BRI 3R 5 22 0 BT U0 A e B8 X e A 9
fE (Bfvg s S bAYmE) | WMEERE. 28
PEFEEL( 2RI B A A-GE N HE 5L | Pielou $550)
TR A S RN, IR Duncan % LA VD
AERB EE AN 26 St o A FHARGAE [l 0} 8240l 5 4
SOLGEE . IR 5AESMESIOHTIE 5
Mro BEMIAKT P<0.05, GitotiFfE A HE s 5
iz H SPSS 24.0 #1 Origin Pro 2017,

2 ZER55H
21 HEEMESEE

TVCRE T, BEVR 55 R S B R (IR i i
MTETETD AR 1Y 64% AR BB 75 5 V0 AL 6 8 11
10% (P 1)o B8 7 W o B R B VAl of B 22 (8] G i
FHEFHN, HALVMERE 2 M2 R RE (K 1,
P<0.001 ),

s s AL, AR InE, B
I AR R IR R, B EVE
FAEERY 68.6 gm ™2 FEAR R VML AL ) 2.2
gm 2 (1), Gt K8, eV LRz E L
BAEEHL A W T AR (B 1,
P<0.001 ),

22 YIMESHMSSHEMEIEE

S A5 55 ASH R )2 B R 9 b
Fw AR VR, TG 2 B R A
(&l 2, P<0.001 ), “FEFRIBEANEA AN T H B 2
MRS, BREHHIEREDME. 5
KU HAR L, 5 AR e S B VDA bR B I 2
FEAK (B 2, P<0.001), TiARAR-AEgiHare b Evh
A6 E A% (8] 2, P<0.001 ), Pielou ¥J25)JF+s
BAES ISR S A RE (F 2, P=0.634),
23 EEESESBMNEE

W EEEEL I, KU 2 (AR 245



1564 MBI 5 30 B5E 8 (2021 4E 8 H )

90 ~ 120

&

A

F, ,,=156.63, P=0.000
60 -

F, ,=28.60, P=0.000

o
(=}
T

A

D
(=}
T

x  BC
gy .

PD LD MD HD SHD PD LD MD HD SHD
YHEBEIE Desertification gradient P AEASE Desertification gradient

BE% % Community coverage/%
W
IS
T
ok o
o
Hbu A Aboveground biomass/(g-m’
(%)
3
T

(=}

n=5; BEIPREREFRRR LR R 22 5 13 B44% PD. LD, MD. HD. SHD 4MilRFWAE . BB, . &
AR BEVD AL R FE R ;R T
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Fig. 1 Variations of plant community coverage and aboveground biomass under different desertification gradients
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Fig.2 Variations of plant diversity index under different desertification gradients
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Table 2 Importance value of plant species under different desertification gradients in alpine grasslands
HEH(H Importance value
ﬂ' T ?fﬁ%ﬁ ‘F’S*ﬁ‘@‘.{k KAV L Light ML WmEEE WEEE
Family No. Plant species Potential . . Moderate Heavy Severely heavy
. . desertification . . . . . .
desertification desertification desertification desertification
S1 HKACESE Stipa purpurea 25.45 1.40 51.92 37.51 1.31
RAEL S2 BHIRBR Poa crymophila 7.44 436 10.90 222 -
Gramineae S3 23 Festuca ovina 6.73 12.47 - - -
S4 H=F Trisetum spicatum 5.32 - - 3.80 -
JPEERL Cyperaceae S5 ZEME B Carex montis-everestii 4.95 2522 2.49 13.52 -
Bl Leguminosae S6 MNEHE Astragalus confertus 1.85 3.35 - 6.56 -
R S7 LRGSR Potentilla multifida 22.96 24.15 - - -
Rosaceae S8 BT Potentilla bifurca 4.82 5.04 13.67 - -
. S9 T EAE Heteropappus bowerii 0.54 - 10.45 4.49 -
W S10 ZFF1E Artemisia demissa 0.98 3.05 7.32 26.78 -
Asteraceae s sh
S11 5/NKGEF Leontopodium pusillum 1.07 1.85 - 0.64 -
JeBRl Gentianaceae — S12 LM IEAN Gentiana farreri 2.79 10.49 - - -
%Rl Boraginaceae  S13 AL Microula sikkimensis 12.88 438 2.96 4.47 54.24
5t KB} Crassulaceae  S14  JWATL K Rhodiola sangpo-tibetana 1.19 3.65 0.31 - -
£i71Bl Caryophyllaceae  S15 mINERZ Arenaria kansuensis - 0.40 - - -
BIEAL Umbelliferae S16 %)+ Pleurospermum camtschaticum - - - - -
#Bl Chenopodiaceae  S17 SERNEE Axyris prostrata 1.05 - - - 44.45

= REZIEEAR BRI

T

BV ACHS FE 2 1019 o 1) A= 2507 58 FE AT A B
AN (£ 3), A A 2507 56 BEHERT = A9
YO 5 (0.898 ), 2L 8 (0.851 ), it
HBKR (0.695), VLM EEAR K 28 1 5 5
(0.938), ZZIZFEE (0.924), LM JEAE (0.837),
HH RV RO R AEET S (0.975), B iR
A (0.947), FWALEEAE (0.790 ), HEVMLBLEEMK

means that this plant species does not appear in the community; similar for the following tables

UOBEERAEE S (0.963 ), ZEMEH (0.785), £FFFE
(0.780), e HE EEVHAEAE EEARU R ALEE (0.971 ),
SEREMZE (0.950 ), EAEEHE (0.200 ),

[EE, MM 2B, VA R Rl A 2500
o S HEEHEMAIME R (F 3), fE—E L
W, PIRR AR e 2 AR (ARG S 2
AR, MRSk

x3 ARMDUGEETEEMMHERESMAEE

Table 3 Niche breadth of plant species under different desertification gradients in alpine grasslands

A2 Niche breadth
W B HREEUME HEW WMEREDME
Potential Light Moderate Heavy Severely heavy

desertification desertification desertification desertification desertification

B 5 FHE AT
Family No. Plant species
S1 SAVELSE Stipa purpurea
RAE S2 BHRBR Poa crymophila
Gramineae S3 ¥ Festuca ovina
S4 = Trisetum spicatum
JPERL Cyperaceae S5 ZEME L Carex montis-everestii
H A} Leguminosae S6 WHEEE  Astragalus confertus
THEHR S7 LHTRE Potentilla multifida
Rosaceae S8 TFWEF Potentilla bifurca
. S9 HWIESE Heteropappus bowerii
Aot S10 LFFFE Artemisia demissa
Asteraceae
S11 $3/NKGE Leontopodium pusillum

JeHAL Gentianaceae S12
2518l Boraginaceae S13
F KBl Crassulaceae S14
Fi7iBl Caryophyllaceae  S15
IERE Umbelliferae S16
#F} Chenopodiaceae S17

MBI Gentiana farreri
WMAILE Microula sikkimensis

BT RE drenaria kansuensis

SERMEL Axyris prostrata

WATLLELR Rhodiola sangpo-tibetana

YT Pleurospermum camtschaticum

0.898 0.398 0.975 0.963 0.200
0.695 0.713 0.947 0.358 -
0.567 0.799 - - -
0.394 - - 0.394 -
0.552 0.938 0.584 0.785 -
0.336 0.384 - 0.226 -
0.851 0.924 - - -
0.295 0.595 0.623 - -
0.200 - 0.790 0.384 -
0.400 0.763 0.700 0.780 -
0.309 0.270 - 0.200 -
0.458 0.837 - - -
0.638 0.506 0.375 0.526 0.971
0.506 0.779 0.200 - -

- 0.400 - - -

- - - - 0.950
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= o FARMN 0 IA 15 XHEY.
bl G v D N 4 LU, BV AL Ml A A T
" | | | | (AT 0.9 M4 5 XYY, 43RS Hi AR AN
0 is 3 a5 0 ¥ B RBGRA T REESE A S RIS AE
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Fig. 3 Correlation analysis between plant species niche width and

importance value

24 HEFMAEE

MR 4 ATUE W, AR R AR S S
ERTF 09 WA 6 XY, BTFREHERSE, N5l
RBRMZ AR FIMEM o0 25 FE

BHEEKT 0.5—0.8 1A 30 XHEY), £SNES
{E/NT 0.5 BUF 19 XHEY), RN EEEN 0 A
15 XHEY)

MW s aTE S, VLR A SN EE
HKT 0.9 (A 4 XHEY, 7 BRI E F 55 H
FSOR R P 5 L A B S 4T
B CHBREFSEE . ASMESERN 0.5—

x4 BEUPTHEESKNES

Table 4 Plant niche overlap in potential and light desertification grasslands

FHYF Plant species S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14
S1 - 0.685 0.660 0.718 0.530 0.609 0.811 0410 0.657 0.607 0.660 0.818 0.669 0.517
S2 0.542 - 0.838 0206 0.875 0454 0973 0.222 0.174 0.623 0.625 0.430 0.698  0.655
S3 0.748 0913 - 0 0590 0.791 0.895 0.147 0 0.761 0371 0922 0250 0.961
S4 - - - - 0.250 0 0.120  0.610 0 0 0 0 0.426 0
S5 0.488 0.795 0.778 - - 0285 0.820 0.459 0 0.566  0.747  0.400 0445 0.460
S6 0.045 0221 0.303 - 0.714 0.590  0.096 0 0906 0351 0964 0.142 0.926
S7 0.597 0.684 0.757 - 0.968  0.743 - 0315 0251 0.689 0.603 0.739 0.541  0.798
S8 0.406 0983  0.854 - 0.741 0455 0.595 - 0 0.071 0 0.126  0.721  0.135
S9 - - - - - 0 0.285 0 0.674 0
S10 0301 0816 0.670 - 0951 0.774 0.852  0.799 - - 0.696 0872 0.140 0.848
S11 0.641 0335  0.647 - 0312 0.161 0445 0.221 - 0.065 - 0336  0.266 0.344
S12 0.705  0.803  0.869 - 0.825 0454 0.846  0.694 - 0.726  0.856 - 0.196  0.992
S13 0.456 0471  0.730 - 0.592 0.675 0.658 0.421 - 0372 0811  0.623 - 0.216
S14 0.511  0.723  0.666 — 0906 0.585 0.894 0.631 — 0.889 0.581 0370  0.682 —
FAEH LR RRBEDL R, TR RFER LR
The upper part of the table represents potential desertified grassland, and the lower part represents lightly desertified grassland
x5 EUPHEESTLES
Table 5 Plant niche overlap in moderate and heavy desertification grasslands
HIYFl Plant species S1 S2 S4 S5 S6 S8 S9 S10 S11 S13 S14
S1 - 0.967 - 0.709 0.686 0.940 0.746 - 0.666 0.503
S2 0.476 - - 0.670 0.710 0.884 0.767 - 0.700 0.466
S4 0.642 0.271 - - - - - - - -
S5 0.806 0.604 0.654 0.854 0.450 0.901 - 0.005 0.577
S6 0.384 0.898 0 0.433 - - -
S8 - - - - - 0.449 0.988 - 0.158 0.163
S9 0.519 0.497 0 0.748 0.552 - - 0.511 - 0.786 0.420
S10 0.910 0.237 0.627 0.720 0.039 - 0 - - 0.170 0.309
S11 0.370 0.440 0.616 0.488 - 0 0.539 - - -
S13 0.772 0.534 0.212 0.379 0.643 - 0.136 0 0.432 - 0.226
S14 - - - - - - - - - -

FHE AR P EEVMEF S, TR E R VML

The upper part of the table represents moderately desertified grassland, and the lower part represents heavily desertified grassland



SRTRE . E R YD RRAR MR M S A SRR A

1567
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5 XHHEY .
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IO 5N

®6 WMEEDUEMEMESNES

Table 6 Plant niche overlap in severely heavy desertification grassland

HEY)F Plant species S1 S13 S17
S1 - 0.443 0.380
S13 - — 0.927
S17 - - -

25 HIYFHESMLEBNET

BEE VARSI TR, 3R AN 42 50 5 i 2
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(P& 4), 552X R e e e L 5 R 35 s
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Xf L5 A S AR TG US

ST A, KT 0.9 RSN A LM
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Changes of Plant Community Composition and Niche Characteristics during
Desertification Process in An Alpine Steppe
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1. Lhasa National Ecological Research Station, Key Laboratory of Ecosystem Network Observation and Modelling, Institute of Geographic Sciences and
Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China;
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Abstract: Grassland desertification has become an urgent environmental issue, which negatively affects forage production and
environmental conditions for residents living in grassland areas. Current researches on desertified grassland have been mainly focused
on changes in vegetation and soil properties, while the changed relationships among species caused by desertification have been rarely
investigated. Based on the classic niche theory, this study used space as a surrogate of time series to assess the changed characteristics
of plant communities along the desertification gradient in alpine grasslands. The species composition, niche width, and niche overlap
(0) were analyzed along the desertification gradients, as well as the resource utilization and ecological adaptability of plant populations.
The research findings can provide scientific guidelines for revealing the mechanism maintaining plant diversity in alpine grasslands
and for restoring desertified grassland vegetation of the Qinghai-Tibet Plateau. Along the desertification gradient, community coverage
and aboveground biomass showed gradually decreasing trends. However, the highest species richness, Simpson index, and Shannon-
Wiener index appeared in the light desertification gradient end, and then showed significant decreasing trends. The Pielou index did
not differ significantly among the desertification gradients. The importance value showed that significant differences occurred in
community structure among the desertification gradients. Correlation analysis found that species niche width along the desertification
gradient displayed a saturation curve with the importance values. Along the increasing desertification, the number of plant population
with high niche overlap (>0.9) and partial overlap (0.5<0<0.9) gradually decreased, while the number of moderate overlap (<0.5) did
not change. This means that the decrease in species number caused by desertification can reduce the competition for resource utilization
among plant species. Accompanied by weakened soil nutrients, resources utilization among plant populations is diversified in order to
reduce competition for limited resources.

Keywords: alpine grassland; desertification gradient; biodiversity; importance value; niche overlap



