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Distribution of Alpine Meadow Grassy Hills Under the Moisture Gradient
Induced by Vegetation Habitats Spatial Change Pattern

ZHANG Yu-kun"*?, WANG Hong-bin"*, LI Chen-hui’, ZHANG Da-cai’
(1. Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining, Qinghai Province 810008, China; 2. Qinghai Sanjiangyuan
Grassland Ecosystem National Field Scientific Observation and Research Station, Xining, Qinghai Province 810008, China; 3. Key Laboratory of
Biodiversity Conservation in Southwest China, National Forestry and Grassland Administration; College of Forestry, Southwest Forestry

University, Kunming, Yunnan Province 650224, China)

Abstract: In alpine meadows, the surface soil heaves to form hummocks under the influence of frost heaving,
transforming the originally relatively homogeneous habitat into a heterogeneous one. In this study, 9 sampling
plots were established along a soil moisture gradient in the alpine meadows of the Western Sichuan Plateau. We
compared and analyzed the differences in plant communities and species diversity between hummocks and inter-
hummock meadows under different soil moisture conditions. The results showed that: Soil physical properties
and soil chemical properties exerted effects on the plant diversity of hummocks and inter-hummock meadows,
respectively. The plant community on hummocks gradually transitioned from Kobresia (sedge)-dominated veg-
etation to shrub-dominated vegetation, while the plant community in inter-hummock meadows gradually shifted
from Carex (sedge) and Kobresia-dominated vegetation to grass-dominated vegetation. The abundance of
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weedy plants and occasional species in hummocks was significantly higher than that in inter-hummock mead-

ows. Habitat aridification increased the dissimilarity in species composition between hummocks and inter-hum-

mock meadows, and the dissimilarity in species composition of hummocks was higher under different soil mois-
ture conditions. In conclusion, hummocks tend to aridify the microhabitat and provide favorable conditions for

the invasion of occasional species. Although hummocks increase plant diversity, they have a negative impact on

the stability of alpine meadow vegetation. This research holds significant implications for guiding the conserva-

tion and management of alpine meadow vegetation.
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Fig.1 Schematic diagram of sampling points

JT o5 TR AE A 25 5, O T B T RR DXL 38 6 R 22 A
MY 5% e, 7 B[] R M 15 5 B e R IR IR — By xf
HERE 7, DAL U o ) 4 2k 22 ' 00l o e R Pl 26— )
FE FLTEIR AN /IN | G 1] 2 g 19 4k 22 15 1 A )
Hi b, A5 5 R R R /N [R] 8 A= 455 Ak BRRE 7
TE AR A FE M BE LI B 5%t AL Dy, Sh B 45 HE
J5, xk HERE O 1 RS A AR, R AR RO 2 42 Bk K
S, R BEAE T I FRAE 0. 03~0. 45 m%Z ], 7E2 m X2
m FRE R T mX 1 m RS HE A 2 0 S Bl 44
SEILGETT W A AR, B A ) Rl o) a5 RV B SR
B A R 22 Uit bk AR e BE O 590E (R D

1.3 *TEXRE

Fr b N E A Y b A SIS AR S em,
Z ALK 100 em’ (1 24 T HURE , BEASFE 5 RUEE SR 2 m X
2m, 7E R W FBEHL 5> 2 2 (0~10 cm 1 10~
20 cm) , Fi¢ 8B AL IURE Y5 76 FF J7 P9 Bl AL 3% B3 40 R
FE R, — A R SR G Fr (8] 55 O — 41, 4 il 4%
BT RN AR 12 4 R AR R A
Ry P =S e T o = o A N Ty = I N R T = e -
FrK R HORAE H Ay S AR Ay - HERE 5 L
96 4~ B K A ) A 155 28 AL B 6] J2 L FEEA T IR A A5
FZCR AT RIRA R, RIS EE R 0.01 gy L
TREFRE IRA AL 0.2 cm YT, 7 25 4 P AR

Z 0 b R R A RS B O AR [ SR
SR S B R 05, A A SR A DR AT AE 4 CC 4% 5K
Farh, B IR F A4S O A S ST R AR ] S 5
=TI AL B AR AR

1.4 TEWEERBONE

AT A R L RS (JE 28 % ZTS-3000-
TR-WS) M 22 44~ b 19 + 38 1 F 2 & KR AR
JEE | FERE DT 0 DA K ) 450 2 A a5, 3R 10 A4S
PR BE R R AT S KR AN 1
FOKFEREFE KR H AR AT LI E .
AR A 0] (19 31 T A SRR B T SO TR AR L
105CE&FEFHT 8~10h 2 &, AHEHRE., +
WRBEITE NN p0=m/v, 0, W TR T ,m HH
JTHNHARRET LS TR, o 22X TTHEMR
Cem®) o SR R 00 5 = S FL B B, 18 6 FL Bt
JEiHE AR P=93.947—32. 995X b, P, Ky AL
BB, b M

1.5 TEXFHERIONE

pH E B AL 005 , R 2.5: 1K L 1k
A LB R FH B IR i 4% 1R A0 AR A -2 i ik D s 2 UK
FHE R R IR, & A AL A 3 70 B ik e 24k
JH H,SOL-HO, 1 2, K6 BE T2 5 4 Wk



1032 B

S

o534 5

F1 FREREBETEUOMHFEER

Table 1 Questionnaire on plant species under different habitat types

8527 Habitat type

T4 304 B AT 4 Chinese and latin names of plants

BT RS

Both grass hummocks and inter-hummock SR B E Carex alatauensis

meadows are found Bl Carex parvula
A G RAK Poa versicolor
WYL} Thermopsis lupinoides
[ Bistorta macrophylla
£ H Ranunculus japonicus
S Androsace umbellata
# 1€ Astragalus membranaceus
JIVGH:F ¥ Pleurospermum souliei
/N3 Taraxacum mongolicum
34§ Cremanthodium reniforme
%1 56T Pedicularis floribunda
1 £ 7% Comastoma pulmonarium
T& 3 Swertia bimaculata
MR Gentiana aristata
i Grass hummocks {6 # J% H-# Saxifraga aurantiaca
F0 Cassiope selaginoides
$8FH Silene gallica
B Stellaria media
JEATASEE Juncus minimus
F23E Arenaria serpyllifolia

6] 54 Inter-hummock meadows TR Elymus nutans

BABME T Carex atrofusca subsp. minor

e

HREE Carex moorcroftii
KA H Carex nudicarpa
b R Poa araratica
TR Poa pratensis
LR Sibbaldianthe adpressa
W& A Chamaesium paradoxum
B Sanguisorba filiformis
KB Leontopodium leontopodioides
BT Tibetia himalaica
F %5 Aster diplostephioides
# K8, Euphorbia stracheyi
%0334 Cremanthodium lineare
& W D6 Pedicularis siphonantha
KAETEM Gentiana szechenyii
WY Jg iR Gentiana wilsonii
W% Sibbaldianthe bifurca
BARE R T Saussurea stella
YU Caltha palustris
B FERAE Thalictrum petaloideum
W8 51 % Commelina communis
TS Juncus effusus
#1148 Rhododendron lapponicum
K155 Stipa bungeana

B2 Carex atrofusca
LI Carex capillifolia
RAR Poa annua
VG /NS Tanacetum tatsienense
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W H Bistorta vivipara
B %5 Aster asteroides
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Table 2 Principal component analysis of soil factors in two habitats

B Grass hummocks

Fr- [8] 54 Inter-hummock meadows

F 43 Principal component

F ] 4¥ Principal component

+ 5 Soil factor + 5 ¥ Soil factor

PC1 PC2 PC3 PC1 pPC2 PC3
7% # Bulk density —0.824 0.205 —0.319 7% Bulk density 0.235 0.237 0.684
FLBREE Porosity 0.918 —0.136 —0.083 FLBREE Porosity 0.417 0.629 —0.475
K3 Moisture content 0.831 —0.195 0.072 # /K3 Moisture content 0.476 0.821 —0.182
it J& Temperature —0.613 0.244 0.109 15 B Temperature —0.256  —0.047 —0.109
A LAk Organic carbon 0.243 0.873 0.356 A HLAk Organic carbon 0.808 0.155 0.237
4= Total nitrogen —0.347 0.158 0.107 4% Total nitrogen 0.116  —0.562 0.195
42T Total phosphorus —0.635 —0.175 0.392 421§ Total phosphorus 0.918 —0.114 —0.217
4 Total potassium 0.208 —0.224 0.264 24 Total potassium —0.368 0.372 0.273
AL Available phosphorus 0.321 0.287 0.766 AW Available phosphorus 0.793 0.082 0.211
HAL# Available potassium —0.548 0.249 0.175 AL Available potassium 0.596 —0.47  —0.344
pH 0.356 0.831 —0.232 pH —0.388 0.237  —0.713

FEEAR Eigenvalue 6.07 2.62 2.37 FEEAR Eigenvalue 5.31 3.32 1.53

Ti ik Contribution rate/ % 55.21 23.89 12.54 TTHk % Contribution rate/ %6 48.32 30.23 13.93

E s 55.21  79.10  91.64 L W S 48.32 78.55 92.48

Cumulative contribution rate/ %

Cumulative contribution rate/ %
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Fig.2 Principal component analysis of two habitats
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Table 3 The correlation analysis of species diversity and soil factors

+HEF kA i Soil physicochemical properties

M P - HKE ; 2 E3 S % % .
SR ey wr o oame O g g PR " B RR R ey
Habitat type . . ; Moisture . Total Total Total Available Available .
index  Bulk density  Porosity Temperature  Organic carbon . . Soil pH
content nitrogen  phosphorus  potassium  phosphorus  potassium
I R —0.558" 0.560" —0.593" —0.221 0.587" —0.391 0.634" 0.300 0.617" —0406  —0.518
Grass hummocks H —0.499" 0.509" —0.610° 0.282 0.661° 0.426 0.696° 0.224 0.503" 0.379  —0.534"
S —0.602" 0.782" 0.419 0.002 0.820" —0.354 0.403 0.475 —0.404 —0.448 0.550"
E 0.441 0.306 —0.357 —0.141 —0.435 0.206  —0.003 —0.021 0.329 —0.199 0.292
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E —0.154 0.377 —0.604" —0.464 0.591° 0.331 0.441 0.157 —0.432 0.326  —0.328

TR, H, S E 435I F W Fh A= 6 B 48 0 Al a8 5 850 A0 340 BE 48 B 2 20 BE 4 B, + R 43 5l R oR P<<0. 05 1 P<<0. 01
Note: R, H, S, and E represent the species richness index, Shannon-Wiener index, Simpson index, and pielou index, respectively,
* indicates P<C0. 05, ** indicates P<<0. 01
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Fig. 6 Changes in plant diversity along a gradient of habitat aridity in grass hummocks and inter-hummock meadows
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