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The Influences of Grazing Intensity on the Composition of Plant Communities
and Ecological Niches in the Leymus chinensis Meadow Steppe

BIXin', YU Tian-qi’, SHI Meng-yuan®, XIN Xiao-ping”, ZHANG Zhi-tao', YAN Rui-rui*, HAN Guo-dong"
(1. College of Grassland Science, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia 010018, China;

2. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: This study aimed to explore the changes and linkages of plant community species diversity and niche
under different grazing intensities in (Leymus chinensis) meadow steppe, providing a basis for rational utilization
of grassland resources. Taking plant communities in Leymus chinensis meadow steppe under six grazing intensi-
ties, including no grazing (G,=0 cow. AU+hm *), light grazing (G,=0. 23 cow. AU-hm ?), light-moderate
grazing (G,=0. 34 cow. AU-hm °), moderate grazing (G;=0.46 cow. AU-hm *), moderate-heavy grazing
(G,=0.69 cow. AU-hm™?), and heavy grazing (G;=0.92 cow. AU-hm™?), as research materials, we con-
ducted plant community surveys and calculated diversity indices and niche indices. The results showed that
diversity indices first increased and then decreased with increasing grazing intensity, peaking at moderate graz-
ing. The species importance values changed significantly, where the dominant position of Leymus chinensis was
replaced by Carex duriuscula as the important values gradually decreased. The importance value was positively
correlated with niche breadth, and the correlation was the strongest under light-moderate grazing and moderate
grazing. The niche overlap value first increased and then decreased, while the interspecific competition pressure
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remained stable under light-moderate grazing and moderate grazing. Therefore, controlling the number of graz-

ing livestock based on the niche breadth and overlap value of species could help stabilize the grassland ecosystem

and facilitate the sustainable utilization of grasslands.

Key words: Grazing intensity ; Species diversity ; Niche breadth; Niche overlap; Meadow steppe
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Fig.1 Changes of community species diversity and richness under different grazing intensities
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Note: Different lowercase letters mean significant differences (P<C0.05). G, stands for control group, G, stands for light grazing,

G, stands for light-moderate grazing, G; stands for moderate grazing, G, stands for moderate-heavy grazing, and G; stands for

heavy grazing. The same as below
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Table 1 Importance values of major species under different grazing intensities
- E= Wy Fih T ZH Importance value
Number Species G, G, G, G, G, G-
1 B[ IR Z& M L 46 (Aster-Aster altaicus) 1.33+0.56  1.92+0.59 2.344+0.36 1.524+0.13 0.45+0.14 0.214+0.21
2 VUKL (Stipa baicalensis) 1.41+0.18  1.884+0.30 1.65+0.26 2.36+0.37 2.30+0.24  3.15+0.26
3 R BT B (Cleistogenes squarrosa) 0.16£0.12  0.5640.28 1.634+0.09 2.724+0.48 4.21+£0.18 5.43+£0.68
4 W RRAE Sk (Klasea centauroides) 1.96+0.19 2.20£0.06 1.96+0.17 2.54+0.68 3.37+£0.31 2.074+0.25
5 X AEHS A (Lipschitzia divaricata) 0.534+0.12  1.08+0.23  1.04£0.20 1.274+0.20 0.66+0.12 0.86+0.14
6 iK1 B (Cymbaria daurica) 0.13+0.07 0.534+0.16  0.31+0.17 1.12+0.43 0.75+0.38  0.23+0.12
7 Z M-I IF (Schizonepeta multifida) 0.354+0.02 0.80+0.24 1.28+0.73 1.794+0.28 0.97+0.11 0.90+0.22
8 BT B3R (Sibbaldianthe bifurca) 2.86+1.25 3.51+0.85 1.36+0.25 1.83+0.41 2.18+0.81 0.604+0.16
9 4G Z B 3% (Potentilla tanacetifolia) 0.30+£0.16  0.234+0.16  0.23£0.09  0.18+£0.06 1.52+0.51 1.46+0.03
10 % (Artemisia frigida) 0.0740.05 0.45+0.29 2.29+1.04 2.81+0.77 3.34+1.90 12.37£3.75
11 18 (Artemisia tanacetifolia) 6.944+1.22 10.53+1.94 12.03£2.99 9.794+1.99 13.754+7.58 4.90+£1.78
12 s 8k 28 3% (Clematis hexapetala) 0.27+0.27 0.38+0.24 0.374+0.19 0.13+0.13  0.49+0.3¢  0.124+0.12
13 FAL T B (Iris ventricosa) 3.75+0.63  2.654+0.04 4.05+0.18 2.97+1.16 0.674+0.11 1.054+0.71
14 & 3% (Galium verum) 1.664+0.17 1.68+0.11 1.43+0.29 1.424+051 1.23+0.47 0.13£0.13
15 A5 (Koeleria macrantha) 0.34+0.06 0.83+0.29 1.244+0.20 2.07+£0.52 3.22+0.90 5.51+1.06
16 WPRZEH (Carex pediformis) 6.99+1.21 6.16+-0.81 2.90+0.53 3.06+1.40 5.0843.15 1.5540.70
17 % (Adenophora stricta) 2.324+0.72  1.694+0.69 0.70+£0.36 0.72+0.29 0.624+0.15 0.424+0.28
18 WV 2 (Allium bidentatum) 0.27+0.18  0.65+0.24 1.694+0.07 1.70+£0.32 1.73+0.29 1.0540.20
19 SF (Carex duriuscula) 1.9340.88 3.02+£0.78 6.67+£1.55 10.73+0.48 13.06+2.76 15.75+£1.91
20 M 13k 5 (Pulsatilla turczaninovii) 2.41+0.60 4.234+0.57 7.47+0.55 1043+1.24 5674034 5.2940.63
21 A58 (Buplewrum angustissimum) 0.26+0.13  1.164+0.44  1.8940.68 1.97+0.69 1.68+1.29 0.69+0.17
22 I35 2 (Takhtajaniantha pusilla) 0.06+0.06 0474043 0.42+0.10 1.18£0.21 0.614+0.14  0.0940.09
23 Bt T8 (Artemisia dracunculus) 1.23+0.93  2.554+1.49 2784044 4.06+1.03 1.11£0.73  0.06+0.06
24 Pt ¥y Wi & (Vicia amoena) 1.97+0.45 1.51+0.14 1.494+0.21 1.05+0.18 0.76+0.15 0.284+0.15
25 B 1E (Astragalus laxmannii) 2.01+£1.09 0.754+0.75 1.58+0.36 2.48+1.05 1.334+0.33 1.364+0.09
26 T (Leymus chinensis) 38.46+3.35 28.804+4.99 14.46+2.83 9.73+1.36 2.534+0.96 1.66+0.24
27 SaEZE (Helictochloa hookeri) 0.5840.31 1.04+0.25 0.91+£0.34¢ 0.894+0.35 0.72+0.32 0.81£0.16
28 P2 (Achnatherum sibiricum) 3.84+0.62 4.544+1.89 1.36+0.75 1.55+£0.36 1.2840.23 0.664+0.18
29 BB (Poa annua) 0.47+0.37  0.79+0.47 0.72£0.19  0.84+0.15 1.06+0.28 2.2840.45
30 JEFE FEANBE (Thalictrum squarrosum) 9.04+1.61 7.184+2.21 7.66+1.28 2.70+0.18 1.804+0.36 0.584+0.18
Ja¥l 93.8940.59 93.75+0.73 85.89+£0.58 87.604+0.58 78.13+0.85 71.53£0.50
Summation
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Table 2 Niche width of major species under different grazing intensities
Y5 Wy Fh A A5 98 B Niche width
Number Species Gy G, G, G, G, G-

1 BT /R 22 400 1k AE (Asster-Aster altaicus) 0.0540.02  0.0840.01 0.0940.01  0.064-0.00 0.020.01  0.01%0.01

2 WU /R 515 (Stipa baicalensis) 0.054+0.01  0.0640.02 0.07+0.01  0.094-0.01  0.09+0.01  0.1140.01

3 K& T 5 (Cleistogenes squarrosa) 0.01+0.01  0.03+0.01  0.07+0.00 0.104+0.01  0.13+0.00  0.16+0.01

4 B AE Sk (Klasea centauroides) 0.0740.01  0.08%0.01  0.0820.00 0.094-0.02 0.11%0.01  0.08%0.01

5 XA A (Lipschitzia divaricata) 0.0240.01  0.0440.01  0.05+0.01  0.064-0.01  0.03+£0.00 0.0440.01

6 ik RS (Cymbaria daurica) 0.014+0.00  0.04+0.00 0.02+0.01  0.054+0.01  0.03+0.02 0.01+0.01

7 LM IF (Schizonepeta multifida) 0.024+0.00  0.04+0.00 0.05+0.02 0.07+0.01  0.04+0.00 0.04+0.01

8 TRFBE I (Sibbaldianthe bifurca) 0.0840.02  0.11£0.01  0.06+0.01  0.0740.01  0.08+0.02  0.0340.01

9 BNt B 3 (Potentilla tanacetifolia) 0.0240.01  0.0340.01  0.01%0.00  0.0140.00  0.06+0.02  0.06%0.00

10 ¥ (Artemisia frigida) 0.0040.00  0.0340.01  0.0840.03 0.104-0.02  0.10=0.04  0.25%0.04

11 S0t (Artemisia tanacetifolia) 0.16+0.01  0.2240.03  0.25+0.04 0.2240.03  0.23+0.08 0.14+0.04

12 i 1 8k 28 3% (Clematis hexapetala) 0.014+0.01  0.03+0.01 0.02+0.01 0.014+0.01 0.024+0.01  0.01+0.01

13 AR (Iris ventricosa) 0.11420.03  0.1240.02  0.13+0.00  0.104=0.03  0.03=0.00  0.04%-0.03

14 % T3¢ (Galium verum) 0.06+0.01  0.0740.00 0.06+0.01 0.064-0.02 0.05+£0.02 0.0140.01

15 B H (Koeleria macrantha) 0.02420.00  0.0340.02  0.05+0.01  0.084-0.02 0.110.02  0.16%0.02

16 WiAR 2 B (Carex pediformis) 0.1640.03  0.1540.01  0.10+0.01  0.104-0.04 0.1320.06  0.064-0.02
17 2 (Adenophora stricta) 0.0840.02  0.054£0.02 0.03+£0.02  0.0340.01  0.03£0.01  0.0240.01
18 XU 7 (Allium bidentatum) 0.0140.01  0.03%0.01  0.07#0.00 0.0740.01  0.070.01  0.05%0.01

19 S} # (Carex duriuscula) 0.0640.03  0.1340.02  0.18+0.02  0.244-0.01  0.2620.03  0.2940.02
20 A 13k 5 (Pulsatilla turczaninovii) 0.0740.02  0.1440.00 0.194£0.01  0.2340.02 0.16+0.01  0.15+0.01
21 Y4688 (Buplewrum angustissimum) 0.01£0.01  0.074£0.01  0.074+0.02 0.08£0.02 0.06£0.04 0.0340.01
22 455 4 (Takhtajaniantha pusilla) 0.00420.00  0.0440.02  0.0240.00  0.054-0.01  0.030.01  0.0140.01
23 e 35 8 (Artemisia dracunculus) 0.0540.03  0.1120.02  0.10%0.01  0.13£0.02  0.04£0.03  0.00£0.00
24 et B i 5 (Vicia amoena) 0.0740.02  0.0440.02  0.060.01  0.0540.01  0.040.01  0.0240.01
25 FIZE W TE (Astragalus laxmannii) 0.0640.04 0.0240.02  0.06+0.01  0.094-0.03  0.06-0.01  0.0640.00
26 - (Leymus chinensis) 0.354+0.02  0.35+0.01 0.27+0.03 0.2340.02 0.09+0.02 0.07+0.01
27 S A (Helictochloa hookeri) 0.02420.01  0.0340.02  0.04#0.01  0.0440.01  0.03=0.01  0.0420.01
28 ¥ (Achnatherum sibiricum) 0.1140.02  0.1140.05 0.05+0.02  0.064-0.01  0.06+0.01  0.0340.01
29 AR (Poa annua) 0.0240.02  0.0340.02  0.04+0.01  0.0440.01  0.05+0.01  0.09%0.01
30 JEA FEAS 5 (Thalictrum squarrosum) 0.194£0.04 0.1940.04  0.194+0.02 0.10£0.00 0.07£0.01  0.0340.01
S 1.9440.01  2.50+0.01 2.5740.01 2.70+£0.01 2.3340.01  2.0940.01

Summation
3 iTig M BN A Z R AR . SRS AR TE 2

3.1 MMCEEXNEMMTEEENEN

X T AN [ i e BE T R Ml AR ) B VR ) R 2 A
PEMRER AR 2, AR 45 R 556 b B T
YL TR AR AT X B A G R 2 R M AR,
HRE T G Y 3R B 28 1Y, Shannon-Wiener #§
¥ . Simpson 8§ B Peilou ¥ 57 & 45 ¥ 3% 18 e KA,
FT WAL Y Fh 2 VR KO B W R o A 3 5
Margarlef F= & FEHE AU TE G ik B (HH 5 G, 2 R A
B, EREMNE L TRE K, X0
R G E IR LE R — B BB E
WEIE & B, A B i T Margalel 3 & B 5 %% . Shan-
non-Wiener $& %% . Simpson 8§ £ 1 Peilou 48 £ 2 K,

S 1Y S PR AT B - (DR S0 M 4k AN TR . IR
AR B A F R A R b X AR AR S R TR
R i P 2 XU, A ), D0 3 Ao [ 40 = = DL 2R
¥ (Stipa baicalensis) 55 |43 o & EFH B 105 4 B
5 JHE S PH O I 28 W U, 400 ) R e R AR N % AR
K, S EW R E SRR (2350 b T i A2 M
ANTR] o A ) BT ) A 2 R A B K S T I T
B I B LA B AR B2 B (Carea pediformis)
S5 7E PO W AR Mk R — 2 KO I 2R
PRI, %) 7 it 7 5 ) 5 Ji R U, 3 R R A mT L
FE ) HE T P Fh Z2 06V O 5 B0 S AN T S o
Yy RETE W) Fh 22 RE PR AR
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Fig.2 Relationship between importance value and niche width of major species under different grazing intensities

3.2 MHREXMYFMEZEMNZME

AT R B A O A SE N, A AR G,
Gy, G, " E B A vy, A g D3 Rl LI 34 38 8 4 Dk
INLTE Gy, Gy, G B AR 35 /N I F 0T B ORI 3
Mo A7 o WA R R T N i 2 R R B A, iR
VIR B2 RERE T 5555 16 Go, Gy, G B2
BN BN G IF IR B A BE RN . X5 Cole™ [y

WS4 R — 2, HORAR D e TIOR8 Sk iy 1
Z R w8 HEAEHE IRAT g B T M b SR O
ARAS AR P Xt SR 23 HE I BN, TG TS R
TR BT R R] 554 )T [, AR AR AR ) A8
] 58 4 Ak 7 2 S AL TSR G AR ) A
V& TRk TR S AL W R R R AR AR, — S A Ak
Rk -2 VAR ZE SRR I g = B RE s I ST e
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Fig. 3 Niche overlap of major species under different grazing intensities
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Note: The species on the horizontal and vertical axes correspond to those in Table 3 respectively. Bubble size indicates the size of

species niche overlap

32 (Potentilla tanacetifolia) %5 | 55 FAE 3 i, %F F 31X 3.3 MMEEXNFMBEAESMAEEN N

— 4 Pulungan 55" 1) A 5% & W 76 v 55 i 0o B Az AL B8 A BT W A A AR BT b X B R Y
TR ZHEVE B AR TBOR R F S B S T I R R RS AR AL RE ) o ZEARBIESE R AN UK
AR BRI H AR T LAY IF, B8 FAF T A AL R K2 5L 0,35, Kk
EHEAHHET : G >G>G6>6,>G,>Gs, G M G BE S RS BT AR 52 %055 5 BE & il 00 JiE 45 21 4
T A AR R E T, 2B A AL TE B E WU . TE Gy, Gy G b B
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R3 TEMBEETEYMHESAEEENEXE
Table 3 Niche overlap of major species in each interval

under different grazing intensities

TSR S A A S A DX ) T 40
Grazing Percent of niche overlap values in each interval/ %
intensity <0.25  0.25~0.50  0.50~0.75 >0.75

G, 5.74 7.36 28.97 57.93

G, 2.30 5.75 20.92 70.80

G, 0.00 1.84 15.63 82.30

G, 0.00 2.99 16.09 80.69

G, 1.61 5.75 23.22 69.43

Gs 3.91 9.43 22.99 63.68

T, 3 ERY A E] SE 4 BB ) B W 5 e AR G b PR

L b R A S A b A [ B A R A AR Y
RN ERN TS S, X—HETREEH TX
ORI B S B A K AZ B 32 20 A
SIS o QG O VA - N S NC S VA N DIV
T At Sk E R R R Pent SR
A 25 B S B N V0N DU BRI 2 ) Y I R
BT Gy O B I8 B IR K B GoB, 8 12k
A T8 FEAR IR 55 =, A S CBOR Ab 55RE B A v
TR 1 s P, 8 5 3 Ak Ak A T o A ) R
R AN O 1 R 1 N I DR R TR ey | B i 73
PR, BB RO R T E AR AR
B A B A - G >G> G >G> G, > G, Gy Fll
G, BETE YR A 2500 96 BE (H K, R R AN &
B AL B AN [ 0T BT R B Y
(B 55 A 25 9 B8 52 DE M OGO &R U BH AL 40 ) b FE
T 5 v BT Ah 1 A B b A e s T L A A SR
BE 1, G, RN Gy RP B30T 1, o 2 {8 R A= 2 07 6 {A
AH O e K, B B i, AR T MY 2R,
I H ST % B IR e KA

3.4 MYCEENMBESKESENEIT

Az 250 B R BT W Aok R R FE A R L B
1B K /N R B 1 Bl 22 18] X6 A6 [ 9% 60 FH A9 A6 12
FREEDS S AR N B 3 G A 2 A S (E /D
TR B, T B BT S AR D A R
T RER A R T A X U 4
LGRS R AL T S 7 G M Gy A4
AL EBME<0. 2509 N OFFXF, Gy A= AL B 1{H
1 0. 25~0. 75 X [B] N (1 Bl X 50K F G, T & AR S0
FESMEFEEPAESOIXEN, SLEET
80 % , Fh Xt i T 350, 13X — HF 5% 45 S 5 K 1]l 2T
14 B9F 5% 45 SR AR AL, 8 D R A a0 T A A A

AR R AR A BT R T U 0, R TS A TR DA
RS20 B RCPOR BERS I, 4b F>0. 75 X
TE1) A ) A 28507 R 2 0 ST 49 R 0 T Ak T oAt =
A~ DX TE) AR AR 2 7 R B (i ST /N Je R . O
LS E AR B ST 45 R T R OO A S AL
B fE 3G A [, eI DR A T W B 2 AN ] A T
2 i 1 L) ol 22 A A L S ) R AR, K ROR
R 22 1652 3 iy ok B2 1Y 7 B RGBS S IR L RE D 8 L A
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5, T LAk AR 0 6T SR 20 B IR WA o 3 TR O
TR AME ARG, A AL B (A N 0 5 (H AR S A
oo K, B A ST R R R T W R 2 R A Y
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4 Hit
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Simpson 1 Pielou %5 2 F P 45 B0 1 Bifi 50 4508 B2 34
ST B S i e AE G BT G B 0,
Margalefl = & B 48 £ AE G, 4b BB 55 K, 256 Ul B
G AL LR W) Fh ZRE MK PR o BER S50 B, GL AN
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