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Abstract: This study aimed to investigate the effects of livestock classes and their combinations on species diversity,

ecological niches, and interspecific associations in alpine grasslands under moderate grazing conditions, and to
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explore the mechanisms that sustain the stability of alpine grasslands under such conditions. Six treatments were
established based on moderate grazing intensity: yak-only grazing, Tibetan sheep-only grazing, mixed yak-Tibetan
sheep grazing at ratios of 1: 6, 1:4, and 1: 2, and an ungrazed control. The results indicate that: 1) The 12 plant
species with higher importance values exhibited broader niche widths within the community; 2) There was a
significant positive correlation between species importance value and niche width (P<Z0.05) ; 3) Overall community
associations showed significant negative correlations, while interspecific associations were predominantly
characterized by non-significant negative correlations; 4) A significant positive correlation was detected between
niche similarity/overlap values and interspecific associations; 5) The niche characteristics and interspecific
associations of community species suggested that well-structured spatial arrangements and interspecific relationships
of dominant species enhanced the stability of the grassland ecosystem. The sensitivity of alpine grassland ecosystems
to moderate grazing disturbance decreased progressively from species to functional groups to the entire community.
As a consequence of the broad niche widths and weak interspecific associations of dominant plant species, there were
no significant differences among the grazing treatments. Under moderate grazing conditions, different grazing
methods effectively maintained the diversity and stability of alpine grassland ecosystems. From a vegetation
perspective, the weak interspecific relationships and strong resource competition within the community significantly
enhanced its resistance to disturbances. The results of this study provide insights into the mechanisms by which
alpine grasslands maintain biodiversity and stability during grazing disturbances, and emphasize the roles of species’
niches and interspecific associations.
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Fig.1 Description of the Qinghai Provincial alpine grassland-livestock adaptive management technology platform

a: BRI 5 M Bl Map of trial sites; b IR 56 o A 8 - Tibetan sheep in grazing trials; c: HUBOGR 36 9 8948 4- Yaks in grazing trial. & T [ 48 V5 W B b
1 Hb P 1933 GS (2019) 3333 5 4 o b (&1 1 1, JiK &1 31 5 JC 48 2 Based on the standard map No. GS(2019)3333 from the Standard Map Website of the

Ministry of Natural Resources, with no modifications made to the base map boundaries.
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Table 1 Description of the vegetation community composition in the trial area

DI REHE Functional group YIFh Species Yifig#f Functional group Y1 Fh Species
RAF Vadb L3 Stipa sareptana var. krylovii JRAR L X 56 4% Sibbaldianthe bifurca
Poaceae SKAEET S Stipa purpurea Forb F 46K T A€ Dracocephalum heterophyllum
i 5 Leymus secalinus ¥ B E Artemisia scoparia
AR Poa annua 1% Artemisia frigida
1B 5 Koeleria macrantha T AYE Taraxacum mongolicum
Jit T VK& Agropyron cristatum E4; ¥ Sibbaldianthe adpressa
TP IR E Lymus nutans 4 7 1 5 Ajuga lupulina
¥ ¥ Neotrinia splendens %1 Plantago asiatica
i 5 5 A chnatherum inebrians W BF Stellera chamaejasme
TR JEA B Carex alatauensis e I8 Gentiana squarrosa
Cyperaceae T4 EE Carex aridula T GETE Aster hispidus
ER HAEBL S Oxyiropis coerulea {. albiflora JERATE Thalictrum aquilegiifolium var. sibiricum
Fabaceae BRI Astragalus laxmannii A 7 Gentianopsis paludosa
T E 45 Medicago archiducis-nicolai AL 4EW] Buplewrum chinense
e EF 0t B YL B Thermopsis lanceolata WS B IF Braya humilis
FeRTE B BZW ¥ Potentilla acaulis ik B B2 IL Gentiana dahurica
Forb L 25 B 3K Potentilla multicaulis WRAETL Gentiana straminea
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Table 2  Trial description of different livestock assembly
grazing
pog:it %+ Number /NIX Plot
Treatment g ¥ i Bt
Yak Sheep Area (hm®) Number

EEHNG 0 0 0.05 3
L AL SG 0 2 0.17 3
MG1:6 1 6 0.77 3
MG1:4 1 4 0.60 3
MG1:2 1 2 0.43 3
FAHRMYG 1 0 0.26 3

NG: No grazing; SG: Only Tibetan sheep grazing; MG1: 6: ¥& 4 ik
1:6 IR Yak and Tibetan sheep grazing mixed as 1:6; MG1:4: 44~ %
2 1: 4R Yak and Tibetan sheep grazing mixed as 1:4; MG1:2: §&4-
i F 1: 2 4 Yak and Tibetan sheep grazing mixed as 1:2; YG: Only
yak grazing.

R REEBER TR, BN & A ST ROV R R TR AHR IR R & i AR A N 18 K&
H(30+2) kg BIMEMEAR (I 1b) , IR 4E A4 BE FHAFE R 298 1.5 % AR E A (100+5) kg AHEME AR (K 1), 78356

BT H4 HEAT S 2 RV H LA O 1 6 00 TR] 9 1 R & A
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Fig. 2 Ranking of species importance values in the trial sites
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Fig. 3 Regression analysis of important value and niche breadth of dominant plant species
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2.2 RREAHMF XA ZEDAEZILR ARG YR

PR A B B AE AR OO N 19 a0 A 45 R (R 5) R W], 5 NGH I ,SG MG1:6 MG1:4Fl YG BB A w5
HEEA PN, MG 1: 258 4 i B f (B A TR (H I T 1 3% 25 5% (P=>0.05) ; 5 NG # 16, SG . MG1:6 MG1:
4 MG1:2 M YG P Ab4E 25 3 B8 24 Br g hn, Hoh MG1:6 25 5% 8 3 (P<<0.05) ; 5 NG M1, SG . MG1:4 MG1:
2MYG BB EE A I, MG1:6 £ 5 2 b 5 F 2 H A Pk B340 W% 22 5% (P>0.05) ; 5 NG #f
e, SG MG1:6 MG1:4 MG1: 2 F1 YG B 20K B SEAE A i A%, (B X 08 8% 22 5% (P>0.05) s 5 NG Ml Lt , SG Al
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Table 4 The ecological niche similarity ratio and overlap value of dominant plant species
%5 No. 1 2 3 4 5 6 7 8 9 10 11 12
1 0.786 0.821 0.801 0.813 0. 860 0.677 0.814 0.747 0.829 0.770 0.743
2 0.782 0.759 0.793 0. 848 0. 810 0.829 0.761 0.651 0.749 0. 880 0.809
3 0.752 0.698 0.634 0.626 0.674 0.713 0.689 0.682 0.671 0.565 0.561
4 0.790 0.786 0.683 0. 805 0.832 0. 805 0. 846 0.919 0.747 0. 886 0.930
5 0.807 0. 845 0.678 0. 810 0. 807 0.777 0.792 0.776 0. 790 0.905 0.857
6 0.834 0.788 0.713 0. 818 0.788 0. 740 0.739 0.811 0.655 0.749 0.761
7 0.579 0.711 0. 665 0.697 0.669 0.652 0.574 0.703 0.555 0.569 0.597
8 0.704 0.662 0.651 0.742 0.691 0.660 0.582 0.715 0.608 0.592 0. 747
9 0.461 0.404 0.460 0.576 0.483 0.517 0. 508 0.511 0.241 0.269 0. 368
10 0.485 0. 440 0.428 0.443 0.465 0.395 0.379 0.410 0.228 0.276 0.232
11 0.602 0.691 0.482 0.702 0.713 0. 604 0.521 0.534 0. 340 0.370 0.581
12 0.571 0.625 0.471 0.725 0. 664 0. 604 0. 537 0.663 0.457 0.305 0.571
Ve RS RO A A LG A7 107 o A T AR
Note: The bottom left represents niche similarity ratio, and the top right represents niche overlap value.
x5 MBEYMBEEEE
Table 5 The overall association of dominant plant species
Iy 2% 96 5 14k 771l S48 ” threshold Ko 45 25 4
Variance ratio (VR) Statistic (W) (0.05,162) (0.95.162) Inspection result
0.0048 0.7795 133.5725 192. 7001 i3 1 BK 4% Significant negative correlation

MG1: 6 i 7 ZAE A BTN, MG1:4 MG1: 21 YG
A RS, L U MG L 4 7 A 3 25 7
(P<<0.05); 5 NGAHH,SG . MG1:6 MG1:4 MG1:2
FYG ¥ o ZAE A BT, o AL Y G FA 7 B 3
25 (P<<0.05); 5§ NG, SG . MG1:6 MG1:4 Al
MG1:2 1A 25w AT TN, YG T4 2 2
B AT T BEAR (B 34 08 B 2 22 5+ (P>>0.05) ; 5§ NG #f
I ,SG . MG1:6 MG1:4 MG1: 2 Fl YG &} 25 5 f[E %
A B AR, Hodh SG MG1:6 MG1:4.YG 1715 i
FXER(P<0.05); 5 NGAH I ,SG MG1:4 I MG1:
208 EAEAT TN, MG1:6 f1 YG ¥ B AE A
BT FEAG , Hod MG1: 2 22 53 88 3 (P<<0. 05) 5 5 NG #f
Fb, SG AR 7 5 Z(H A B i, MG1:6 MG1:4 MG1:
2 MY G IR 3 S A BT RRAR (B3 00 % 25 5% (P>
0.05); 5 NG M ,MG1:6 fl YG £ 25 7% g ¢ 1 %L (K
AP, SG . MG1:4 FIMG1:2 Z 28 F b 55 B (Y
AT REAR R T B % 22 5 (P>0.05) ; 5 NG M L,

x6 MBEYFAERKLEME (OK
Table 6 The inspection results of interspecific associations x’

of dominant plants

45 No. 1 2 3 4 11

(o2
D
-
[oe]
Nej

10

2 —

3 —

4 -

10

11 +

+

— — — — — — %

12 + + 4 +*

4. I 3 IE B 45 A significant positive association; 4 A i 3 1F 15 45

A nonsignificant positive association; — *: i 3 i Jk 45 A significant
negative association; — N /N i 3 i BX 45 A nonsignificant negative
association.
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Fig. 4 Regression analysis of interspecific association, niche similarity ratio and overlap value among dominant plant species
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Fig. 5 Effect of different livestock assembly grazing on the importance value of dominant species

NG : 28 No grazing; SG: ## = 4 Only Tibetan sheep grazing; MG1:6: JE4 57 1: 6 4 Yak and Tibetan sheep grazing mixed as 1:6; MG1:4:
FEA- R E 10 41R 4 Yak and Tibetan sheep grazing mixed as 1:4; MG1: 2 4E 4= 1: 2744 Yak and Tibetan sheep grazing mixed as 1:2; YG: JE4-
# Only yak grazing; AS[Fl/ING FEHE 48 0K [F] Ab P 2 /] 2% 57 & 3% (P<C0.05) , T [ . Different lowercase letters indicate significant differences among the

different treatments at the 0.05 level, the same below.
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SG.MG1:6 MG1:4 MG1: 2 #1 YG FI LB F 4L H B AE A P AR, Hdh SG . MG1:6 MG1:2.YG 2 57 b %
(P<<0.05).

5 NGAH I, SC MGL:6 HYG hARAFREZAEAT I M , MGL: 4 HIMG1: 2 RA B & ZAE A T AL, H 5T
B ZF(P>0.05); 5 NGH L ,SG . MG1:6 MG1:4 f1 YG 75 % B} 8 244 B 8 fn , B X B & 2 5 (P>
0.05); 5 NGHHI,SG MG1:6 MG1:4 FIMGL: 2 B} 8 BAE A BT FEAR, YG TR E Z(H A T in , B340 i
FZH(P>0.05) ;5 NGH L, SG . MG1:6 MG1:4 fl YG 22 & 5 B A T K, MG1: 2 292 55 5 21 A T i
i, Hod SG MG1:6 22 7 % (P<<0.05) o T DI AEHF 5 L(E 40 07 F1 LA SR, 5 V5 B RHRI S RHAH L R AR R %
RO T X U (R T RIEL 6)

x7T ARMBAFXGEH I EHEZENZN

Table 7 Effect of different livestock assembly grazing on the importance values of vegetation functional groups

Qb P Treatment RKAF} Poaceae PR} Cyperaceae 7 Fabaceae % FE Forbs
NG 0.389+0. 018Abc 0.243+0.018Ca 0.056+0. 009Dab 0.312+0.013Bab
SG 0.437+0.021Aab 0.263+0.013Ba 0.048+0. 008Cab 0.251+0. 019Bcd
MG1:6 0.473+0.020Aa 0.258=+0.019Ba 0.037+0.005Ch 0.232+0.016Bd
MG1:4 0.374+0.012Ac¢ 0.289+0.012Ba 0.048+0.005Cab 0.289+0.015Babc
MG1:2 0.375+0.021Ac¢ 0.243+0.015Ba 0.048+0.004Cab 0.334+0.018Aa
YG 0.397+0.011Abc 0.273+0.011Ba 0.060+0.009Ca 0.270=+0.013Bbcd

T s ANFIRE P B R ] — b UK [R) D) RERE 2 ) 28 53 1 35, AN [l/ING 7 B8 30 [ — T RETEAS ] Ak B ) 22 57t . 3% (P<<0. 05) 6
Note: The capital letters indicate significant differences among different functional groups under the same treatment, while different lowercase letters

indicate significant differences among different treatments within the same functional group at the 0. 05 level.

T 5 78 1 4 BEVESEHR0 40 BT 45 201 5 NG 1R AF Poaceae B 5 #} Fabaceae
[ 7 &l Cyperaceae [ 2% 25 % Forbs
HH L SGLMGL: 2 B YG I 8 1 45 547 57 39 | i e i
MG1:6 F MG 12 4 {545 6 $0A BT R A% L (08 0 W 3% 2 0
% 5 (P>0.05) , 44 2 45 BOHE I 46 B SG>YG > E = =T = L =
MG1: 2>NG>MG1: 4>MG1: 65 5 NG # I , SG . ? 06T L
MG1:6 MG1:4 MG1:2 F1 YG Z #4850 6 B 0.4 - N [ Sy
A, S MG 6 42 6 B 25 (P<0.05), S B =
PEFE BOHE 45 5 9 NG>YG>SG>MG1:4>MG1:
0

2>MG1: 6; 5 NG #H kb, SG. MG1: 6, MG1: 4, NG  SG MGI1:6 MGl:4 MG12 YG

MG1: 2 1 YG 5 B8 B0 4 e L o Y MG 1:6 At P Treatments
' S e ' Ho REMAH AR AR EE O

fEAE I 3 22 % (P<<0.05) L B 4] B 48 BHE 785 %R Fig. 6 Effect of different livestock assembly grazing on the

NG>SG>YG>MGL:4>MG1:2>MG1:6(E 7). importance values of vegetation functional groups
3 atie

AR 4 B0 R 2L S T B W b R ) A 2SR A B R PR v A% 28 A AR AR IR 1 2 TR B T
9 AH B G Z , O L2 A A 25 0 A5 W DR 7 18 A8 A TR J0I R 1) 3 A A Sy 2 TG 0 o o S P 4 SR R R A
PEALEoF R B R RAOR B 5 R TR RIZRWK W REE 2 RS AR T B Y R A
V& T AT AN (5] A 3 2B, SR ) B B 5 LA W b ) AR EL AR BT JE B 25 [ A% SRy o Costa 55 Ak T LA
A 25 A B B AR A W b Xk 9 DA ) R g AR AR L R DV B 5 R 3 64 RE 7 S o AR 4 2R 25 7 5 R S i ) A
ASCASCIR: Wy 7 1) P 5 9080 40 A A 7K S A0 22 A A K S T L -5 4 7 0 o 1] 19 AR B 36 17 A A 3 DD AR G, S (A A
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Fig. 7 Effect of different livestock assembly grazing on community diversity indices
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