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Response of keystone species changes in alpine grassland plant communities to

different herbivore assemblage grazing
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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

PER iR RIS R G2 — Y T AN (U 3 MO AT RF 28 e 1) it T bl 2 42 36 7 /K R L 2k 5
BT BRIV A W R A5 A A RS AR ™ 7 S JE R A A Iz ol TR BRI AR S Y S A
B2 SO B AR A A A B A TR AL AR A SR fh i 17 B R R I LA 2 AR
N 3o I O DR 3R A e E RS A 2 R G 2 ) S T R A AT . RO o 7 G i e 9 R b
FEF AN RZ — WRZRGIZ TR AR FOCHFFE R, 3 25 90% 1 F 3R (L5 72
AR S RO R A R T 2B W A I R A B IR BRI A T T AR AR TR AR
5 MR RHE 2 AR RUBE R SR B e s (R AR S ) 2 SRR AR R I R A R R
R AS RGIIRRE R R, e R o JE B S BUHAE A R G TR G R R AR A TS
BG4 T AR A DR B R AL

TV RS S PEAE O i Bt Bt AR 25 R G DI RE S (R Y FE B b, [RIIN 32 35 2 A W) K 5 AR AR M A R
[ BB S ) RUBE R/ O | 95 TP AU M 0 DG SRR AR IR A Ak B R s ) RUBETR  TRLBE (R /K
SRR D TR E R RRE MR DGR IR R S BN R RUEE R, AR R 3R | 38 ] R 00 45 U 2 B A DR
PR RE R G R K gl Ay /N as 1] RUBE T O 3t £ 0 1) 2 0 g, AR e ek
RE DAL UL A BRI 7 RN IH] (45 4 06 R | S TS BOREVE NI Al & A 224, S
I, RIR R £ S ) R HIFTHE a0 a0 S5 2 i I S0 AN 2 oA el - SR PP S, 2 X6 — 2 SRR S 1 B
IR SR B L RIS R RS AR e

1969 4F /£ 5% Paine' " E USRI T CHER UM . BEE X OCHEFMI ST B WIR A AR AT TR B,
KEEFPIEREVE LR D Re SRR M rh R AR IR, ELREVE DI R SRIIT AR — s S OCHE RN >, Gy
WA 2 FOFIERY BB ERIE SRS, PR RS BRI MR R, HLRR AN e A IR R A TS
RGEHA TR Z Yl T EL S AR 25 AR GEME LG 21X — B DR, T3 A, AN R DX I 2 [8) 57t S Al 25 7 —
SERERE L BRI B 1y P SR 20 0o Lo vk S5 E 2R 2 )RR AR D 1 5 #E— e R JE L Se IR T RS BR IR 1Y
SR PR {ELIE by T g st ORI o A o ) L A5 AN [ 00 el AR R 22 S IO A A 107 1 O R PR IELA
RIHE o PR S HTVE PPN AR R PR D07k Y BB 2 LT T I A W 7 S5 A B Al AR
SRR TN e (FE P4 v LA B e 1 PG BE ) P Zhang SRR FH 4 43 BT R GE AT TS )R AR BR
FE R HAR YTV A ARG E 1 SO P EEIR DL, WIR 1 e o il B (R B AR BR (7 4F) | R il ad i — 2 i &
UL T Wyl e SR Y BTk 0 2% Fe AR . FAIT, 28 A A WU I S A R AR BT 52 D T LT 2 23

http : //www.ecologica.cn



18 1] XNEL A e € B R )RV SBR[ O 2 3 AL O A e 7531

Sz AHAEZ S R H R F e 28w AR I v S A R R T T AR B A DL, 28T I, AT S e T Vg
A AT [ 35 M VAR A2 EL DY TR BRLA) 25 € B i D WIS X B 150 v S5 A A5 JBE N AN R OO 3 AL e (e A
P RCE B BB RCE 12 TR B RCE 14 TRA FEZFRCE 1:6 TRH) LU BIEHRES, R Gt A Y it
VRARFIE OCHE MR RAAE S LA R BT A BRI LAR 2 BRI . (1) v FE R HUA WA 7 SCBER AN W)
TR B 2H A TR T S 5 (2) WA SR S0 AN TR OO 7 445 TR T O B o 3 14 O B LA IR, AUy v 98
Tl YA T T RS R R R R AR

1 #R5EFE 600 R —e— M ;-3
L1 BT EMON e |
WRSEI6 B F 4 MO E A i B vt § 00 [ 17717 &
(36°92' N,100°93" E) ,*F-HifE 4k 3100 m DA I, <Ak ET 3001 10 2
SR TR T SRR IR = 20 -
B 424.82 mm, £ AL EHEDTF 5—9 A, &4 & 10} {2 ®
Teda T ICFE I, AL LA I 22 X 43 AR B - 1.69°C o
(1), f50% R0 -24.8°C , B 24 SHEEE fwf 5 &8

H12.5°C, REHZERY g B Al R ) | 1RSI Oy e 1) B
" FERYA KIS (Stipa tianschanica) % E1 #HRERIESFEHERESENE
B (Kobresia humilis) . & T % W8 3 ( Potentilla  Fi&1 Precipitation and temperature in the experimental arca

acaulis ) FFR 5 ( Leymus secalinus ) 55
1.2 BRI
1.2.1 FRHE

T 2014 4 6 F BEEUIE L — 3501 435 25 il AL 2 538 e b S8 ST SCHORE B, 5 b /)N X182 SR B 5 4 B AL X 21 %
T, 3 S T A BB A R S BRI R A AR A ] L AT 5 R A LA B L %ok B > A BT
3AERE N RS E IR 1, AR 2 B, TR S JE R A K F= (6—10 ) i
FTTBCHL, OO BE 7K 2 R v S5 TR B, LUBCRE R TRy 50% 247 45, B3 1 O T 295 10 d, Hor iy
(LK 5 2 6 A% A 30w bR A i

®1 BRIt

Table 1 Grazing experiment design

Ak e Rt/ 2k R R /NX A hm? INXEL
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
MGI1:6 1 6 0.77 3

NG 0 0 0.05 3

YG  JELF B Yak grazing alone; SG : J“F 54K Tibetan sheep grazing alone; MG1:2  4E2F J 2 1:2 {R4KX Yak and Tibetan sheep 1:2 mixed grazing;
MG1:4 4E4 JE 1:4 JR4X Yak and Tibetan sheep 1:4 mixed grazing; MG1:6. 44~ J&=F 1:6 IR Yak and Tibetan sheep 1:6 mixed grazing; NG ; B3}
No grazing
1.2.2 AHYIRERCRETTIE

TR A TAET 2020 4F 8 H 15 Hi#tA7, B4/ DXFEHLIE A 3 4~ 50 emx50 em BIHETT, 73 5l sk B HE
T BRI S5 R R RIRIE ) | BE (RN i 5 YRS BEAE A R R B ) B AR (Y
Hby TSRO RS ZEMEAR o 70°C M HE T 24 E B S RIS B2 0.001 g 43 A KOk ) , AN Ab G 1A 4
9 MDY, A A BRI A 54 TS
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1.2.3 IR CRAETTIE
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pHo FTA TEHRINE 2 fi 4 B2 (3R Ak o) RO kA7
1.3 Bt
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Table 2 The importance value of Gramineae, Cyperaceae, Leguminosae, and Forbs among different herbivore assemblage

Kb YIRERE Functional groups

Treatment RAR} Gramineae IER Cyperaceae g Leguminosae 222 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
T TR A T E bR AR KRS P 2R (R — D RE A AN [ A B R 22 57 103 (P<0.05) s AN [El/NG FREF R [H — b B R, AN ]
TIReRt Z 0] 22 53 .25 (P<0.05)

%3 FTRAMUREAATAE EE OREEE b EENBTY

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

TP IR FE AR A3 Treatment
Plant characteristic index YG SG MG 1:2 MG 1:4 MG 1:6 NG
5B Height/cm 5.756:0.720b 4.952+0.219h 4.077+0.269h 4.325+0.231b 5.036:0.327h 8.273+0.711a
FERF Coverage/ % 81.889:2.781h 79.333=1.080b 76.222+2.976b 80.778+3.117b 76.7784.284h 94,000+ 1.462a
F 5 TR Richness index 14.556+0.444a 14.111+0.735a 14.501:£0.043a 14.111+0.455a 14.333+1.027a 15.111+0.735a
SU— .
Shannon-Wiener ,*E‘ﬁ 2.233+0.030a 2.195+0.058a 2.133+0.047a 2.1040.060a 2.035£0.065a 2.346+0.050a
Shannon-Wiener index
Simpson 54X 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 5] BEFE%

ielou HSJEIER 0.835:0.007a 0.832:0011a 0.826:0.021a 0.815520.181a 0.8234:0.125a 0.8680.016a
Pielou evenness index

Ly L o 2
Yo LA (/) 245092+12291a  231.330£16.509ab  185.957+19.338hc  168.460+14.729c  155.468+11.163c  213.473+10.579ab

Aboveground biomass

R REPRHAE AR PR B - SR AR R [RGB RR 6] — IR A SR R 7 AN [ Ak B 0] 22 53 (2.3 (P<0.05)

NMDS &R 73R, YG SG MG1:4 MG1:6 RURHPIRETK S5 RF AN ARL, 1T MG 1:2 AR B AR 7 4548
W5 NG BB, ARLBORER 25 H 7 — B R R, MG1:2 55 NG X A 31T AOAB BV 18] FLA
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Fig.2 A non-metric scaling ( NMDS )
ordination of the plant community among different herbivore
assemblage

YG  FEA B Yak grazing al()ne;SG;ﬁéléiﬁ Tibetan sheep grazing
alone; MG1:2 . 484 JECE 1:2 JRH Yak and Tibetan sheep 1:2 mixed
grazing; MG1:4, M4 g F 1:4 TR 4K Yak and Tibetan sheep 1:4
mixed grazing; MG1:6; 4E2f JECF 1:6 TRAK Yak and Tibetan sheep 1:6
mixed grazing; NG : fil¥} No grazing

multidimensional
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3 AEMBREELES THERBEEMESH
Fig.3 The plant community networks under different herbivore assemblage
Stipa tianschanica ; K 1 &t %; Stipa sareptana ; ko %; Leymus secalinus i ﬁ; Poa annua: -3 K ; Koeleria macrantha ; 1& E‘—P; Agropyron
cristatum ; Ji FR VKB s Elymus nutans » TEREPY H5 B ;s Kobresia humilis ; PR s Carex aridula ; I A 3 Oxytropis subfalcata HAEI S s Astragalus
membranaceus » F} 25 BT 1K ;s Medicago archiducis-nicolai; HiGETE ; Thermopsis lanceolata ; e ; Potentilla acaulis; B2 &R % ¥ ; Potentilla
bifurca . TRIF KR s Potentilla multicaulis ZETM X s Dracocephalum heterophyllum Benth . S s Artemisia scoparia ; EE s Artemisia
Jfrigida ; B ;s Taraxacum mongolicum ; PR/ s Sibbaldia adpressa NE I s Ajuga lupulina . SRR ; Plantago asiatica ZEH) s Euphorbia
fischeriana ; Zﬂﬁ;Gentiana squarmsa;@%ufiﬁﬂﬁ s Heteropappus hispidus ; [ SR 28 At AE s Thalictrum aquilegifolium var. sibiricum i *’AQ;Gentianopsis

paludosa : ¥4 i F 5 Geranium sibiricum ; fRE LR ; Achnatherum splendens . % 3 % ; Gentiana dahurica : 5 % B Z3J{ ; Achnatherum inebrians : 5y

% s Rhodiola bupleuroides : 541 ; Leontopodium leontopodioides ; T 2= K 4R
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Fig.4 Changes of the average connectivity and average clustering coefficient of the plant community among different herbivore assemblage

2.3 AFHCRS R A6 TP SR L
AL 25 A A AL PR Wb b BEER/INATAR (181 3) ,YG 5 MG1:2 R By SCHERD N A2 & 55 SG R R
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Fig.5 The shifting of keystone species among different herbivore assemblage

AFPUE I R INE 5 B BB CSRNEEEZE F YA R E ;NG WA S R HEH B E LT MG1:6
PR ZAH (P<0.05) A 5 EHUAAL R 26 25 H R B 3 5 MG L2 5 NG Ay B 2208 10 2 = T FR SG
AN AL B (P<0.05) ,YG .SG MG 1:6 [l s B EF A B E(F4),
2.4 AFRE B LG T YR R AR ) + ek 2 X 5

BB BE R 1) R A A i 3 pH H /N RN B3 SC 1 IR 5 B E S T NG AT MG
4 N RIS 1 (P<0.05) s MG1:4 NG W B2k & i 32 T MG1:2 Al YG(P<0.05) ;SG 1) - HE# 5L
R BE R T HABBUE B i 3 8 S5 (P<0.05) ,YG MG1:4 F1 MG1:6 )+ 3 sk A & & o %
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BT MG1:2 T A RS B I NG Y 8 AR B o U 8l 35 1K T LA s A 3R Y - AR
(P<0.05) ;SG (1) 38 7k 2% e 2 S0 25 1 T L i oAb B, 7 MG 1:4 1 NG A 398 o 3ol 5 18 00) (g I T
BHUAL 3 (P<0.05) ;NG 1Y+ BEH0E & fi i 2 m T E U B (P<0.05) s MG1:6 FiT YG 119 - 48 & K £
3 m T H TR EE (P<0.05) s Bk MG1:4 A1, SG 1) 13875 8 K/ B 3 8 T H B R B, 1 NG 1) 3845
HR/ N AR T H e U B (P<0.05) (£ 5) .

R4 TRHUREHESTXRMEREXND

Table 4 The importance value of keystone species among different herbivore assemblage

pis:l Pl TR R REBEER T
Treatment Stipa tianschanica Kobresia humilis Potentilla acaulis Leymus secalinus
YG 0.098+0.018a 0.236+0.024ab 0.163+0.038a 0.046+0.005be
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
MGI1:4 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+0.006be
NG 0.128+0.166a 0.184+0.034b 0.115+0.029a 0.074+0.010a

F B R T (bR B NS R 5 il — 0 2 (e A ) AL ] 22 57 5% ( P<0.05)
5 AAMUFEASTLEBUEREY

Table 5 The change of soil physic-chemical properties among different herbivore assemblage
+ PR bR AbFE Treatment
Soil physic-chemical index YG SG MGI :2 MG1 :4 MG :6 NG

TN/ (g/kg) 3.159+0.079a 3.382+0.097a 3.151+0.183a 3.260+0.051a 3.261+0.104a 3.110+0.152a
TP/ (g/kg) 0.155£0.002abc ~ 0.163+0.002a 0.158+0.004abc  0.150+0.003¢ 0.159+0.003ab 0.152+0.003bc
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  86.396+4.641cd  124.677+5.364a
pH 8.026+0.027a 7.984+0.025a 8.002+0.013a 7.987+0.017a 8.071+0.044a 8.010+0.041a
SM/ % 19.755+1.321a 16.978+0.366b 15.948+1.047b 16.031+0.289b 20.050+0.520a 15.763+0.131b
BD/(g/cm?) 0.963+0.004d 1.127+0.01a 1.068+0.014bc 1.098+0.02ab 1.038+0.004¢ 0.909+0.015e

TN I TR T AR AN F)/NG B 2R 7] — A M B 7E R R AR 3R] 22 5 2 (P<0.05) 5 TN 2% Total nitrogen ; TP ; 4
Total phosphorus; TOC; 4B Total organic carbon; AN : L% Available nitrogen; AP ; B Available phosphorus; AK; HZL#H Available potassium;
pH : S B T %L Hydrogen ion concentration ; SM : T35 7K & Soil moisture; BD: T-3EZ5H Bulk density

ARSI 22 Ok BUA LUK T 2200 i A BE (18] 6) , RIEAACA i S K D B IR A H 2
KSR R B A T G RD B B R SR B S i, SG T IR S T 4 T X OC B e el B
AR TTERJC I ., HH OGRS /N S TR S B R ARG S A RN E R OG; T NG
N USRS i R K DL R A T SCBER E S A Y TUBR I BLAIG, HOHOC B R B RN
TSRS R A, 5 S KR D IR IR O R
3 g
3.1 YRR RHE R SRR B A A R R

WHZWIT R, 5 FR R E R L, P S RO P R R R R T AR g sk T
SRS RDICROT 3T £ OO B R A B S A O B LA 25 A 3 U AE vh AR PR EE T R TR
UG B X YR 4 5 R 238 i 252, FE RN R R R B AN M Va1 32 e 61
SRETSE I, oA 16 A By b s o 5 S AU, Tilman ™ 82 9 BEUR LL S/ 5 T ME B U | AR AR
T R G A A PR P B, S R R AT v ) 22 R B IR R AR S A I . AR TR

http : //www.ecologica.cn



18 1] XNEL A e € B R )RV SBR[ O 2 3 AL O A e 7537

E6 FAEMHAREFASTIEEFHXRMEZETLHITH
Fig.6 Contributions of soil physic-chemical properties to the keystone species important value among different herbivore assemblage
TN: 4% Total nitrogen; TP; 2§ Total phosphorus; TOC: 4% Total organic carbon; AN # %% % Available nitrogen; AP 3% % Available
phosphorus ; AK ; BEZLHH Available potassium; pH : & 2 F V& 5 45 X Hydrogen ion concentration; SM: £ 3 % 7K & Soil moisture; BD; + e %5
Bulk density
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