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The effect of herbivore assemblage on plant community characteristics and aboveground net
primary productivity in alpine grasslands. LIU Yu-zhen!, LIU Wen-ting!, YANG Xiao-xia',
FENG Bin', SUN Cai-cai!, LI Cai-di', ZHAO Xin-quan'?*, DONG Quan-min"*" (4cademy of
Animal Science and Veterinary Medicine of Qinghai University, Xining 810016, China; *State Key
Laboratory of Plateau Ecology and Agriculture in the Three River Head Waters Region, Qinghai
University, Xining 810018, China).

Abstract: In order to understand how herbivore assemblage regulate the changes of aboveground
net primary productivity in alpine grasslands under moderate grazing intensity and raise the
standard of alpine grasslands management, this study was conducted in alpine grasslands at the
eastern end of the Qinghai-Tibet Plateau. We set up different herbivore assemblages (yak and
Tibetan sheep grazing alone and 1:2 mixed grazing) and no grazing plots under moderate grazing
intensity. The plant community characteristics, soil physicochemical properties and changes in
aboveground net primary productivity of alpine grassland under different herbivore assemblages
were analyzed. The results showed that different herbivore assemblages had no significant effects
on species richness and diversity index, but significantly reduced the height, coverage and
percentage of importance values for functional groups of alpine grassland plant community.
Tibetan sheep grazing alone significantly increased soil available N and P content and soil bulk
density of alpine grassland. Grazing weakened the regulation of alpine grassland vegetation
diversity on aboveground net primary productivity but strengthened the effect of soil
environmental factors. Alpine grassland aboveground net primary productivity and livestock
intake were the highest when yak and Tibetan sheep mixed grazing. Therefore, in order to raise the
standard of alpine grasslands management, it is recommended to carry out mixed grazing of yaks
and Tibetan sheep in appropriate proportions based on moderate grazing intensity and to adopt
coupled vegetation-livestock-soil management to achieve sustainable use and maintain ecological
function of alpine grassland ecosystems.

Key words: herbivore assemblage; alpine grassland; aboveground net primary productivity;
moderate grazing; plant community composition.
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IKUSIRATE S SR BV 2 R DR B o] A7 45 B 2 A2 25 22 4 B B FH (Wang et al., 2020).
e FE LI P B SRR IR, B A S PR e B S IR, PRI AR Dy e S
A3 R G RS AR AR A BN FVE B T A RAS I “FR 7R 85 (Rietkerk, 2004). JEHER, A&
B NN ETIERZE, FEREREMAESRGRN, EWME LA T N E,
T T AR A R G R R e M (Lier al., 2020). B IE S FE R AR S R G0
B, BURHE T — RIRPBUE. Hrh, BEEFE NG 20077 42 #E) (Sun
etal., 2020). fEBUNBURIS ST, PIRATED BRI E T B O, SEmEEe 7
HOMRR A &R . P BREA R T B O E BAE AR K & WL, P & %€
B T DA DR 2E BB B SRR DL S IR A T I R . T, T E R
JCHIEHUR FE S, 4ERF . Sems it 2 Ret 5277 ), SEBlm 28 s A= 28 R G AT ¢
SR SR RE, 2 R B AR AR R ) 1) R

) A P2 71 (Aboveground net primary productivity, ANPP)AERS 5 B b sz B 5 1l
ARORIL, e i B AR S R G D e AR 1 A FREARE B2 1Y) B 248 A5 (Dieleman e al., 2020).
TEBACEAE S RGT, 2K &R E . B LY R IESE R R0, Hil ANPP 2
[ A2 28] EAT AT ME R 3L R 3% (Chen et al., 2020). N AT #E/E A B B 18
VIREVE RAIE 4% ANPP, T _EAT 424 ) 3 it e 0 55 1K AR A s A e AR G, gk T i
5 ANPP(Peng et al., 2021). £ FATIIEMER- Y, B ATRE @ IR 5 R KR 2 3R
PR AT B A A5 R 50 ANPP [F)5CH K ¥ (Knapp ef al., 2012). Hautier %(2015)if i #f 7 LE
S, TR R 2 AR AR AR R B AR FS R G AR E AN AR R I OCRER 2K, (HIHERTE
A A FAH ML o JECBOS Y00 2 REPE R R M 1 52 1 22 TRV R I L [R] 4%, Bt R0 | et
i B« TR R R A R TR SR 7 PR 2R 45 (Luo et al., 2012). TERCNT RIS IAER RS, Ykt
ZREME S TR 2 AR R fERONIRIE B AES Rgrh, PFh 2 5 1 5 s fE
BRIERBOC R ETPEERAGREERS, YR 2 R S IR EFE — AN EUE 7K (Gao et al,
2020). [k, TEWFFORCHON LM AEAS R GE ANPP SR, (N2 REIE A H R AN RE 58
fE R AR o £ EATPRIRAE b, 3 A0 3 DA T 51 e f) 398 B A P A HL St Jo 17
FRIAR AL T 1 B AR 25 R G0 ANPP FI 5548 Rl T-(Miikola et al., 2009). Olofsson(2009)i i i 7T
RO, TS & IR IR 38 2 9 hn 338 v R 7, U HR BRI & &, T (R R AR A
A Gillet %5(2010) BT W FEUESE, Fth b B o BRI RA AP S 25 v - LAt DSk i b 4h,
TR R B AR S Bt 2 A R g ), o, BN RS L N R IREALRR A, TR
R R R XS F2 0 USRI B, BTS20 ANPP. 25 B RTIR, 7ERF ST ANPP (2L
M, &6 AT RES EAT RS ER, K5k 2 PR DL R VA R J 3530
BE PR 1 52 g N o AR Uy E

FIHO AT ERR, B DL/ RE N R N R EAE H H bR, BUNTERET, &
VPR 2R 3 m R B IR AR VR S5 R IE S ) 22 O e ANPP ) OC PK] 35 (Knapp, 2001
Laura et al., 2006). % T I, AHFIE LA HEA HE LR B 6 I SR R RO R, 72/
FIRREETS, PLrR SRR e v aent, WEARBUR & H SR B S8
TR T BT RE:, HTE ANPP. FE B BETERHAE DA T3P R IE AR AL, EE
PRI LA R BRI 8 (D) AN RSO K & A A0 3 M AR R AIE R 1 5 38R S5 R - X ANPP
PR STRR R AN AR A0 2 (2) H A TBCHOR N AN R R & H & 0] = ZE R ANPP 5201 A
FERHLE 7 AT 3 e S e 2 S M TECHOE B R 2 AR A
1 MR EHE
11 RaG AL

RIGAEI A T 75148 e 2 EL VG 4 (6°44'N—37°39'N, 100°23'E—101°20'E), J& T3+
R, RN 3054 mo AR SRE T m J5 L <, EI /KRy 330~370 mm,
AP TARKZFEGC—I H) AT Tom W, A LUE RS AR KX 7y, 350 1.4 °C,
AT RS A2 N-24.8 °C, ARFHRMA LIy 12.5 °Co HHRA Ny m 15
fi] +(Yang et al., 2019). 1501 3= B3 A7 ) A % 42 8 B (Kobresia humilis)~ P ALEE 55 (Stipa
sareptana)~ 4516515 (Stipa purpurea)~ F-#K(Poa annua) % (Leymus secalinus) FEFEHE
W (Elymus nutans)~ B EZEE K (Potentilla acaulis)5s »
1.2 st

AR TR I, TS TBCBOREE = JE B M 2 R it B AR E SR IR (E AR,



2020). L, T 2014 4F 6 AEH A2 B VGBELE AL OL(H A T3E . IREAX55)—
B0 v T M 5 R S U T R AN R 5K RS AL S TBUCBORE I A SR 52 A BE AL X A5G 1T
Sl E T AR B (Yak grazing, YG, 0.26 hm?). G 2E BRI (Sheep grazing, SG,
0.17 hm?). 4B E 1:2 R AU (Yak: sheep as 1:2 Mixed grazing, MG, 0.43 hm?)PL & AN
H(No Grazing, NG, 0.05 hm?)&b3, &F/MEEE 3 AEE, 312 MR /PX . B2
Hid, TRF 6—10 H(SoEEHEY A K0T, BRAN O IR AR AR T8N X 3 &
RIGPEHIE 12 - hm (PSR, U X AR 2208 50%~55%, A TR AN 34T
AN, B2 RESIN— IR K. ARG FTEENE, UK &3 1.5 D EEd 51 %
HEMERCE, R4 ISR E N(100 £ 5)ke, IR NG0E2)kg. & RmFEN 1 AF
AL, FESKEEAR N 3 ANE AL, U X AR HE 2 A AT B, DUGRUE BT U A 3 T
() JEUHC T P —38(Yang et al., 2019).
1.3 MYIBEIE AR

YIRS TAET 2020 4F 6—10 F AT, 1E 8 AT /e 7 e, AKX
BEHLUA A 3 4N 50 cmx50 em [IFETT, BEJ7RIEIEER/NA 4 m, 43 B AEANRE T o BLEI)
FRRRE, FHEFRNEN M S BEFEYIIE 5 PRIE SR IL- I AN N A SR G =
HAE S BRI LA SR AL, Bl S ST RO 2> B, AR R 70 cCR TR EE, HRE
N 0.001 g AT RFRR & Al e St AR R, BAEA A E 9 METT . AR A I
FETAE DAY ThREBECR AR, ERL TR RBE N T, FFTREHES 8 H
Wr—38, FERAR SRR/ X E 3 02T X & K B 2= 1 E (Scurlock et
al., 2002).
1.4 TIEFENCREE

TR L CRAR TAET 2020 4F 8 H 15 HidkAT, HEWHEE AL G H LA (ER 7 cm)
KAE 0~10 cm 2 H3, SNSRI 3 BR A A —IEN— AR . BEJE, EFPR (100
em’)RAE 0~10 cm 23, FTIEAEBD)MG/KESM). o, KREFH 3R
AN 2 4y, I EERER T R EEEAR AN E s AR BT B B R S A Rl s
WA, JERRRE. 0, BT IE AR(TOC). 2A(TN). 4BE(TP). HAABE(AP). Ak
P(AK), PAK LI pH, WIEES%H (LIERMASHT) —FdEEL E, 2000).
1.5 Wkt ZFEtETH R T E

Yidh Z AR DL A TR GR A RE 4R, 2021):

Shannon $§%(: H = — Y (P;InP;)
Simpson #5%{: D =1 — ¥ (P?)
Pielou ¥ 5] EFREL: | = %

X, POARE A A B, P, = N;/N, NoARETT i 4axs B84, N Y
FhiFT AL T v BT A PR A EEE R, SAYIMEEE, EEEAVFITEARN: V=
(RC + RH)/2, X\, RCHAMN G, RHIAAEN .
1.6 ANPP it5 5%

ANPP K154 20 F (Baoyin et al., 2015):

X & R E=(c-/)[(log d-log /)/(log c-log /)]
ANPP=5X & K £ SR R b e b B 347 ==

KA, o NBARETHIIES L EAEY &, d AU IE A EAIE, ORI S T
A .
1.7 HdEabr

TG, SRR ESE . IR BTEOE DL AL ANPP U EAT BRLK 3 22 (one-way
ANOVA)##T, F£H Duncan #5037 E R I 2 HLEL. )5, {EH Vegan B TIEE &
% 2 R 43 T (non-metric multidimensional scaling, NMDS); 1 /] randomForest 317 %)
FHIEDR 75 L3RG R 75 ANPP AR (b AH X S5 BV HET,  FEAR1e6) ANPP B 4L BTk
WE M ¥ (Jiao et al., 2018); f8 ] MuMIn L1777 2 70 R v £ E RV B FIER .+
B R FAEA R AL EE N X ANPP AHXS STRk % 1484k, 48 H piecewiseSEM 4 i 45 B 45
P77 FERE ARG ANPP XA [F U R & LA i Bl . IR BT 2 B B o I TE R



4.0.2(R Development Core Team, 2020)-E1T
2 GRES
2.1 AFBAFE EHE TEDEEREZ N

H S5 TSP A e A A RO IS BRI R SR . AR AL, TR SRR T,
EATOG AR, AR B H A2 B R REY RN & E S &5 E, (HREARK
WOk & LA TR LU, R 0 = L | 55 BE IR 35 22 s R % B2\ Shannon F5 4%
Simpson $5%1. Pielou ¥ 5] FEFREAE S AL H I LR EZEZEZREGR 1.

R 1 NABBKEAS TEYFHERFTENL

Table 1 Changes of plant community characteristics among different herbivore assemblage

Tﬁfm #1/% Height Fiid FHEE Shannon f5 %1 Simpson %7 Pielou 1457 544 Pielou
ent (cm) Coverage (%) Richness Shannon index Simpson index evenness index
YG 5.7540.72b 81.842.7b 14.55640.444a  2.23340.030a 0.76840.031a 0.83520.007a
SG 4.9530.21b 79.3+1.0b 14.11140.735a  2.19520.058a 0.74320.035a 0.83240.011a
MG 4.0740.26b 76.242.9b 13.55640.176a  2.13340.047a 0.72540.035a 0.8260.021a
NG 8.2740.71a 94.0+.4a 15.11140.735a  2.34620.050a 0.76020.030a 0.868+0.016a

H: ARG FRFRRNE IR ZF 5 (P<0.05). YG: 454G SG: MEHRAG MG: IRATUL
NG: . T

Note: Different lowercase letters indicate significant differences among treatments (P<0.05). YG: Yak grazing; SG:
Sheep grazing; MG: Mixed grazing; NG: No grazing. The same below.

NMDS 73 & R KW, AR N YRR B2 5 (K 1A), (H2LThReH R
SR A LA R T W EAR(A 1B), X5 & IR FIER B HE VMK NG RARARHE
Yo bt 2N YGL MG, SG I RAR} G LEEAR, Ut 1 2 0 TR B ARA R
. EAERERE, AN 22250 5 LU R B, U IR AUN i T84 B R B R g
MEE, B RE A RIE, NIRRT 22285 b L.

B 1 REBUBER & A A THEYETE NMDS 4597 (A) R IR BEEEE 5 2k (B)
Fig.1 NMDS analysis of plant communities under different herbivore assemblage (A) and changes in the
proportion of important values of functional groups (B)

YG: HEFHA: SG: BUEMG MG: AR NG: A FF.
YG: Yak grazing; SG: Sheep grazing; MG: Mixed grazing; NG: No grazing. The same below.

2.2 ARFETBHE EHE N LR

TR B T EE I R R B S RS @ AR R B . b, BRI S HRIEY)
RIE 2 EIRAE T3, S B BT . AT, R3S B S AL B ] Y TE B
HZES: SCGHTEEMEERERT NG SC LR EEEZEET YG: TIHR
HERANNHEFN SGGYG-MG>NG HZEREEH: LERMAMESERDHERFN
SG>MG>YG>NG HZ 5% H Gl 5 B K/ MY N NG>MG>SG. YG HZE 5+ &%



YG RIS KEEZ & T HA R, A ER NN SG>-MG>YG>NG H %7 3%

(& 2).

R 2 ARBEEEAE T IREMRER

Table 2 The change of soil physicochemical properties among different herbivore assemblage

A TR A )
A% Total 4=k Total 4:TK Total 2% & Bulk
RbF Auvailable Auvailable Available EKE
nitrogen phosphorus organic carbon density
Treatment nitrogen phosphorus potassium Moisture (%)
(9 kg?) (g %g?) (g%g?) . . . (g em?)
(mg kg™ (mg kg™ (mg kg
YG 3.223#0.061a  0.15520.001ab  39.968+40.602b  157.167+40.683b  3.78340.312c  83.859+2.830c 19.75.07a 0.96+0.00c
SG 3.47340.088a  0.16240.001a  42.813#0.880a  171.000+1.434a 4.58740.022a  89.390+2.870c 16.9740.29b 1.1340.00a
MG 3.24040.032a  0.15420.003ab  40.92240.386ab  147.16741.020c  4.30540.160b  116.255+2.781b 15.9429.85b 1.0640.11b
NG 3.31740.097a  0.15320.003b  42.033#0.791ab  138.16740.616d  3.52240.020d  131.297+44.270a 15.7640.10b 0.9040.00d

2.3 REABFEEUE T ANPP 281k A H e R 1

ANPP & 1 5 5O T RE R 1 5 fd FREFE B 1 R L F R bR . ARBFEH, MG AR R ANPP
BEE T HARS A B X S XS EW AR, RIZAE T & 28 A e MEPE AR KRR
(KB 2). Ht, (WM REXEES ANPP AN 5, IBEHUEI R X NER. AH

[ 1 R FH 77 2
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Fig.2 Aboveground net primary production among different herbivore assemblage

1 ARNSARERRA R E N Z 7 EE (P<0.05). FE.

Note: Different lowercase letters indicate significant differences among treatments (P<0.05).The same below.

N T DR YRS RAE R - 5 3B 70 ANPP AR STk AE A R TS A
A AR, FA TR AL TR0 ANPP (A7 #E4T 1A EEVEHE . 7
GURRW], LR ER. FKE . R A LR R R B T N ANPP
A TTRRE = DS 1~ FEAIHEVR S B2 . Pielou Y2 FEFR4L. Simpson Fia % LA o B2 2 M ¥
VEARFAE DR X ANPP 2246 ek s O 1 (1 3).
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Fig.3 Ranking of the relative importance of different plant and soil factors to changes in ANPP
*: P<0.05; **: P<0.01; ***: P<0.001. ANPP: i Ei#41%047); BD: HHE; SM: HIES/KE; TOC: 4
Bks TN: &% TP: &0 AN: HAE; AP: WA AK: HRHEH; Height: =f%; Coverage: #if¥;
Richness: F & J¥; Shannon: Shannon #§%{; Simpson: Simpson 7§%%; Pielou: Pielou ¥J2IE$E%. TIH.
ANPP: Aboveground net primary productivity; BD: Bulk density; SM: Soil moisture; TOC: Total organic carbon;
TN: Total nitrogen; TP: Total phosphorus; AN: Available nitrogen; AP: Available phosphorus; AK: Available
potassium; Height: Height; Coverage: Coverage; Richness: Richness index; Shannon: Shannon index; Simpson:
Simpson index; Pielou: Pielou evenness index. The same below.

2.4 AFAFUCE BAE . HIEE 7% ANPP FIHIX 5Tk R 281k

ANPP 2[RI 52 FAT 5 FATREEH 3L R, it — SR Y B R e R 7
5 SRR R T AEAS AR BE R X ANPP AR SRl 28 1k, ASHIF 7 35 B BE AL AR PR
AT BB HE T 45 R ANPP AR AL TR R 2 1 R AT O B R . SRR, FER
TR, AR VA RRAE R 7% ANPP R0 TTHR T 39%, IR 7% ANPP AL TTHR T
61%, FEPIREE S Simpson 840, Pielou Y57 FEHRH UL K 3 AR B X ANPP 421k
SR RN GEE B SCET AR R IE R XS ANPP ARG TTER T 42%, -3
BRI F- %) ANPP AL TTHR T 58%, FEVIRFIE /% Pielou 345) BEFa%. 75 8 DA K& 4585 7K
X ANPP A0 2L B2 R A08 ;B4 SRR AT, AERRIE R X ANPP A24E,
DUBR T 54%, TIEAEER X ANPP 2L TTHR 1 46%, TR % . Simpson 544, Pielou
WISIE e, 5 DL RIS K BT ANPP 284k LB B35 IR RN s AU, AR
REAE R 7% ANPP 246 5Tk T 62%, LIEIREEH 7% ANPP 2L 5Tk T 38%, Simpson fi 44«
Pielou 5] a4, 5% DA L3 . &/KEXT ANPP A8 {k 2HLH 23 ERBL(E 4).



B4 ARBEKEHE TEBEET51EE T ANPP FTERKIHN AL
Fig.4 The relative contribution rate changes of plant factors and soil factors to ANPP among different
herbivore assemblage
2.5 AFEBHE A G X ANPP FIFZHIHLH]

dE— Pl G5 T R TR, R AETBCHORE T, TR ST R AR 2 3 PR A R R Y
B EE, HEIRE B FE R ANPP(EE8BAE K /A 0.746,  [RIHERUNAE K /)N
4 0.633); L FMUBCH 2 3 PR SR B I R S &, B ANPP TR EEAL R R
INA0.592 B A FRHURUHC R PR 2 X 2 1 v FE R 38 5K R, (B 2 2 PR ANPP(HE
PN K/INA 0.503), EYIREVE i o DL K e AR & B0 R FE H M ANPP B3]
H R IRV S).



B 5 AR EE A PSR TR E T 5 T RE T ANPP BRI S5 1 75 AR R
Fig.5 Piecewise structural equation model of the regulation mechanism of plant and soil factors on ANPP
under moderate grazing intensity in different herbivore assemblage
3 W #®
3.1 FEMREERE R ST R B A AR R

AT RIEIE R AR AL YRt 2 R LS. ANPP S5 A1 224 K G B BB
o NAT IR O ISR B A S 2 PR AR 2 R G T L s () RUBE KV/INTT S+ (Bakker et
al.,2010). ABFFEEREY], e R s B2 R EY R . fB, (Ex Y=
B AR Z RO A P R B, HAN R & A& 18] I A RS R R e B
FZES. WP BRI RET, ARBUK & H & B S S EUE R B E AL
IR AL, (ERE R AR TH RE S ORIFAE — NEONAREE RS, XA e IRE 5 MT IR
M~ EAT IR R 18] AR & 5 AN ] 73 o 8 S DB Rh G e 4 XA St L RF R TR S5 H AR
PE 258 (Huisman ez al., 2010), AT /E ] 2l e R 46 07 AR sl st AL 35 A )
WA, AT R A U 2 3 T R 0 (3t L BIR ) R T A U B e A R G A R
(Marini et al., 2007). B & RHAIY)RIE I LA R R & &, MARARFHEBAET
YR W B 5 i 75 2 R FH 2R (Zhang et al., 2022), PRIL, HHIRI SR 2604 ARARHE #
ERE RIS . EHEHLT, MR EE 8T & Z 4 e B R B3, Jreh i
TREE TS B R AR ARHE A HR B R, 1R R R N RENS 788 TP it
BEBURKIEY, B yb ERHE P IRBUL 9 K B (Soest, 1985). BRIk, Jol~Ffhi ] TR &
ARABHER AN IEE, TR R 17 T RV RERMEA, 4EE . BRI, =& 1
KB AR W N B (Pan et al., 2019). 3B IEX A7 RS G, A R F
WRERAESFAE | — DA A E HPIRZS, TR I 5 B2 . 2 REPE R AE BTty Al
TR EES
3.2 HIEERMERA S B H AR

SERCREE TS , ANFETBURR & A & 2 XERGR P AR B R, EX A ROR 0 R

WA 2 o SRR SE RS, AR &4 a3 ANPP (1 AT IPEIE A A, 322000
LI RTR AR HEAT PR o AR A A R 2 AR T e R 0 A RO (AR 22, 2020),
T LA R R 70 2 AT PR AR F i ANPP AR 4G 2 20K 5) ). L RS BA A
O it o ANTBUHURS S5 I, 32 vl T/ IMA R I S RS A = T R R W S5
4 H(Zhang et al., 2020), MIZHEESEMEIRBUN . 5508, T BLHCE N BCHON - M AR A
i R IEARRIR. A G i, it DB A BRSO 3 R RS B R TRCE RAG AS
JBCHCR B SR A RS IR AE, (ERIAVEMIR & B R R E R A LK B I Ma et al.,
2021), FIT AR 3 o B e o 39 A B A S B B e AN
A%, XA W T BH ARG T 0 R 3 ZORIE Tk AP0 DAL S5 Y (Walker et
al., 1976), 8 5 TG SR S AE — E R b BRARAE A 75 2 | IR AE W) 38 25 1 (Gao et al.,
2008), BETFET A1 AIIE 98, BT DUECE AR R R iR R S
AR, Hoh iRm0 BRI, SO FE b (R S R AR B SO R e (SRR FE AR, 2019),
JIT DA/ O S R B 2 R TR G AU, R AR e v EL AR R4S
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