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Response of keystone species changes in alpine grassland plant communities to

different herbivore assemblage grazing
LIU Yuzhen, SUN Caicai, LIU Wenting, YANG Xiaoxia, FENG Bin, SHI Guang, ZHANG Xue, LI Caidi, YANG
Zengzeng, GAO Jie, ZHANG Xiaofang, YU Yang, ZHANG Chunping, DONG Quanmin*

Academy of Animal Science and Veterinary Medicine, Qinghai University, Qinghai Provincial Key Laboratory of Adaptive Management on Alpine Grassland ,
Xining 810016, China

Abstract: How to improve alpine grassland management level and achieve its sustainable use through reasonable utilization
has been a hot research topic in the field of grassland ecology. In order to clarify the succession patterns of keystone species
of alpine grassland plant communities under different herbivore assemblage grazing and their driving factors, this study set
up grazing plots ( Yak grazing alone, Tibetan sheep grazing alone, Yak and Tibetan sheep 1:2 mixed grazing, Yak and
Tibetan sheep 1:4 mixed grazing, Yak and Tibetan sheep 1:6 mixed grazing) and enclosure plots with different herbivore

assemblages based on moderate grazing intensity, then systematically analyzed the changes of plant community
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characteristics and soil physicochemical properties under different herbivore assemblage after 8 years of continuous grazing
treatment, hope to determine the optimal grazing combination. The results showed that: (1) Grazing significantly reduced
plant coverage, but the effect of different herbivore assemblages on plant coverage and species richness was not significant.
(2) The plant community characteristics during 1:2 mixed grazing were similar to those of plant communities with enclosure.
At the same time, the plant community during 1:2 mixed grazing pocessed the highest community stability and organization
level. (3) The keystone species showed obvious succession under different herbivore assemblages. The keystone species was
Kobresia humilis under the treatments of yak only and yak;sheep as 1:2. The keystone species was Leymus secalinus under
the treatments of enclosure and yak :sheep as 1:6. It was Stipa sareptana and Potentilla acaulis in sheep only and yak : sheep
as 1:4 respectively. (4) Enclosure could significantly reduce soil bulk density, while Tibetan sheep grazing alone could
significantly increase soil bulk density and soil available nitrogen and phosphorus content. (5) Soil available nitrogen, bulk
density and water content were the key physical-chemical factors driving the changes of keystone species in plant
communities under different herbivore assemblages. In summary, 1:2 mixed grazing of yak and Tibetan sheep under
moderate grazing intensity is a best way to utilize alpine grasslands on the Tibetan Plateau. In addition, establishing
effective associations between plant community species is another key way to improve the management level of alpine

grasslands on the Tibetan Plateau compared to simply increasing the species richness or diversity of grasslands.

Key Words: herbivore assemblage ; alpine grassland; network analysis; community stability; keystone species
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Table 1 Grazing experiment design

Ab 3 Tep ARk A ANES VA NES ¢
Treatment Number of yaks/head Number of sheep/head Area of plot/hm? Number of plots
YG 1 0 0.26 3

SG 0 2 0.17 3

MG1:2 1 2 0.43 3

MG1:4 1 4 0.60 3

MG1:6 1 6 0.77 3

NG 0 0 0.05 3

YG . B4 B Yak grazing alone ; SG ; J#, - L Tibetan sheep grazing alone ; MG1:2 484 7 1:2 IR Yak and Tibetan sheep 1:2 mixed grazing;
MG1:4 . 44 JBF 1:4 JRH Yak and Tibetan sheep 1:4 mixed grazing;MG1:6. 4E4 JEE 1:6 JRM Yak and Tibetan sheep 1:6 mixed grazing; NG ; il %}

No grazing

1.2.2  FHEYIFESREETT IR
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Table 2 The importance value of Gramineae, Cyperaceae, Leguminosae, and Forbs among different herbivore assemblage

Ab 3 Lifie#F Functional groups

Treatment ARAFEL Gramineae HFE}L Cyperaceae EFl Leguminosae FZEHL Forbs
YG 0.278+0.026Ba 0.327+0.022ABa 0.057+0.007Ab 0.338+0.037Aa
SG 0.281+0.019Ba 0.317+0.023ABa 0.083+0.035Ab 0.320+0.034Aa
MG 1:2 0.212+0.031Bb 0.340+0.028ABa 0.068+0.010Ac 0.380+0.019Aa
MG 1:4 0.233+0.011Bb 0.348+0.094ABa 0.041+0.006Ac 0.377+0.027Aa
MG 1:6 0.277+0.018Bb 0.37+0.037Aa 0.034+0.004Ac 0.318+0.042Aa
NG 0.368+0.024Aa 0.267+0.023Bb 0.061+0.019Ac¢ 0.304+0.018Ab

FPEEEEARE R PR UER R R K S 715 38R Rl — DI REFEAEAS R b B A) 25 57 1835 (P<0.05) s A RIVNE F R LR A — b 3T, AR
DIREREZ 22 53 B 3% (P<0.05)

3 AAMAREAATHE EE MHEEE LT

Table 3 The Height, Coverage, Species richness and Aboveground biomass among different herbivore assemblage

TR FE AR AEFH Treatment
Plant characteristic index YG SG MG 1:2 MG 1:4 MG 1:6 NG
BJ¥ Height/em 5.756+0.720b 4.952+0.219h 4.077+0.269 4325:0.231b 5.036+0.327h 8273:0.711a
21 Coverage/ % 81.889+2.781h 79.333:1.080b 76.222+2.976h 80.778+3.117b 76.778+4.284h 94.000+1.462a
SEEREHEHK Richness index 14.556:£0.444a 14.11120.735a 14.5010.043a 14.11120.4554 14.333+1.027a 15.1110.735a
Shannon-Wiener $5

annon-iener ?Jc”ﬁ 2.233£0.030a 2.195:0.058a 2.133:0.047a 2.104£0.060a 2.035£0.065a 2.346+0.050a
Shannon-Wiener index
Simpson a5 Simpson index 0.768+0.031a 0.743+0.035a 0.725+0.035a 0.719+0.032a 0.721+0.036a 0.760+0.030a
Pielou 35 EHe4

ielou H53 A 0.835+0.007a 0.832+0011a 0.826+0.021a 08155:0.181a  0.82340.125a 0.868+0.016a
Pielou evenness index
i EAYIHE/ (¢/m?)

245.092+12.291a  231.330£16.509ab  185.957+19.338bc  168.460+14.729¢ 155.468+11.163¢ 213.473+10.579ab

Aboveground biomass
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NMDS 25538, YG .SG MG1:4 MG1:6 WY HEVE S5 R AE 3 AL, T MG1:2 WIAE 9% 7 45 1)
N5 NG 8% AL, FR A RIS S5 AE— EFL R WS, MG1:2 5 NG X /B R AR 9 8 V% 0] HAE
SR BEVE AR M DS SRR — S (K 2)

2.2 RN & G S YIRS W4 S5 A8 ik 10 . i
S HT R B 3) TR RO NG ~ Eﬁgiig
PRV B FRE VR P 28 1A 28 N1 i 91 4filt , I B =K 0.5 | t NG
FAOREE TR SR s MG L2 IR M 453647 19 4~ g Y6
FisE 65 43, WEVK I GBEME R 25 Y6 SG MGL:6, 2 0 T
MG PRI 94 PO 25 45 D AT, B ) 6 e sl
BB, 43 B 19 A9 8028 kil 18 AT 26 4% 05 . P
117 A 32 43 17 AT 27 & e
RO B 6T T 1 TR) S 349 38 3 B 15 3 2 5% e 00810

NMDS1
KRB 4 s ,MG1:2 P4 Fem B8 1, 8

BRI R FAE MR NG i gk, B2 TRBEREEE THEEMZFEES %R E(NMDS)

> AN N 5 s ﬁ*ﬁ'

{E{ZQIEI %E%?ﬁ?ﬁ&%ﬁfﬂ? E/‘J—TF‘iéjizEl%E H YG.SG, Fig.2 A non-metric multidimensional scaling ( NMDS )
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Fig.3 The plant community networks under different herbivore assemblage
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Fig.4 Changes of the average connectivity and average clustering coefficient of the plant community among different herbivore assemblage
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Fig.5 The shifting of keystone species among different herbivore assemblage
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Table 4 The importance value of keystone species among different herbivore assemblage

i Kl TR BRBER A
Treatment Stipa tianschanica Kobresia humilis Potentilla acaulis Leymus secalinus
YG 0.098+0.018a 0.236+0.024ab 0.163+0.038a 0.046+0.005bc
SG 0.109+0.018a 0.268+0.023ab 0.157+0.027a 0.062+0.006ab
MG1:2 0.132+0.030a 0.250+0.040ab 0.210+0.041a 0.080+0.009a
MG1:4 0.104+0.011a 0.261+0.039ab 0.205+0.043a 0.035+0.007¢
MG1:6 0.115+0.015a 0.311+0.037a 0.203+0.036a 0.045+0.006bc
NG 0.128+0.166a 0.184+0.034b 0.115+0.029a 0.074+0.010a
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Table 5 The change of soil physic-chemical properties among different herbivore assemblage

ER s NIz SR Treatment

Soil physic-chemical index YG SG MG1 :2 MG1 :4 MG1 :6 NG
TN/ (g&/kg) 3.159+0.079a 3.382+0.097a 3.15120.183a 3.260+0.051a 3.261x0.104a 3.110+0.152a
TP/ ( g/kg) 0.155+0.002abc ~ 0.163+0.002a 0.158+0.004abc  0.150+0.003c 0.15920.003ab 0.15220.003bc
TOC/ (g&/kg) 39.778+0.666b  42.149+0.954ab  39.849+0.662b  42.653+0.553a  41.590£0.918ab  42.372+0.956a
AN/ (mg/kg) 155.111+£1.207b  166.222+2.727a  144.333£1.700c  155.556+1.425b  158.111+1.961b  135.667+1.374d
AP/ (mg/kg) 3.703+0.049¢ 4.527+0.036a 4.278+0.022b 3.503+0.071d 4.246+0.029b 3.449+0.041d
AK/(mg/kg) 77.358+4.134d  81.886+5.027d  109.180+4.486b  96.867+5.501bc  86.396x4.64lcd  124.677+5.364a
pH 8.026+0.027a 7.98420.025a 8.002+0.013a 7.987+0.017a 8.071x0.044a 8.010+0.041a
SM/% 19.755+1.321a  16.978+0.366b  15.948+1.047b  16.031+0.289h  20.050+0.520a 15.763+0.131b
BD/(g/em®) 0.963+0.004d 1.12720.01a 1.068+0.014bc  1.098+0.02ab 1.038+0.004c¢ 0.90920.015¢

FP B R N T B AR R AR /NG T4 308 TR — B M R AR A TR AL B ) 2 57 18 3% (P<0.05) 5 TN 2% Total nitrogen ; TP . 2
Total phosphorus; TOC ; 42/ Total organic carbon; AN # 4k & Available nitrogen; AP #&{ s Available phosphorus; AK; (8 Available potassium;
pH: & B TV BEHE 4L Hydrogen ion concentration ; SM : + 5 7K & Soil moisture; BD: T34 H Bulk density
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Fig.6 Contributions of soil physic-chemical properties to the keystone species important value among different herbivore assemblage
TN 4> % Total nitrogen; TP: 48 Total phosphorus; TOC: 4= % Total organic carbon; AN # %L %l Available nitrogen; AP 5 Available
phosphorus ; AK : HALH Available potassium; pH : & %5 F ¥ B 15 %0 Hydrogen ion concentration; SM: 1= 38 % 7K i Soil moisture; BD; + %5 &
Bulk density
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