33 3 Vol.33 No.3
2013 2 ACTA ECOLOGICA SINICA Feb. 2013

DOI: 10. 5846 /stxb201207281071

] . . 2013 33(3) : 0856-0866.

Liu GH Wang GJ Wang S P Wan X R Hao S G. The diet composition and trophic niche of main herbivores in the Inner Mongolia Desert
steppe. Acta Ecologica Sinica 2013 33( 3) : 0856-0866.

(1. 075000; 2. 100101;
3. 100193; 4. 100080)
( \ )
2003 78 \
) 3 ;3
3 N

The diet composition and trophic niche of main herbivores in the Inner Mongolia

Desert steppe
LIU Guihe' WANG Guojie> WANG Shiping” ~  |HAN Jianguo P WAN Xinrong' HAO Shuguang’

1 Animal and Technology College Hebei North University Zhangjiakou 075000 China

2 Key Laboratory of Alpine ecology and Biodiversity Institute of Tibetan Plateau Research ~Chinese Academy of Sciences Betjing 100101  China
3 Department of Grassland Science Animal and Technology College China Agricultural University ~Betjing 100193 China

4 Institute of Zoology Chinese Academy of Sciences Beijing 100080 China

Abstract: In recent years degradation of the natural grassland areas of Inner Mongolia has been particularly severe. Many
factors have contributed to grassland degradation including frequent grazing trampling and damage by herbivores. These
factors have not only changed the structure of the plant communities and plant species composition; they have also affected
community succession. To examine the effects of grassland degradation on the dietary composition and trophic niches of the
main herbivores of the Inner Mongolian desert steppe ( Ovis aries Spermophilus dauricus Oedaleus asiaticus) we measured
changes in the dietary composition and trophic niches occupied by these herbivores under different intensity grazing regimes
in JuneJuly 2003 using an n-alkane technique. The results showed that the richness of Stipa klemenzii-dominated
communities decreased significantly with increased grazing intensity whereas the proportion of Salsola collina in the
community increased. Salsola collina was the main food source for Ovis aries Spermophilus dauricus and Oedaleus astaticus.

Six to eight plant species were ingested by Ovis aries but Salsola collina made up the largest proportion of its diet. The other
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main species ingested by Ouvis aries were Allium bidentatum Cleistogenes songorica and Allium polyrhizum. Five to seven
plant species were ingested by Spermophilus dauricus in Stipa klemenzii-dominated communities but Allium bidentatum and
Salsola collina were consumed to a greater extent than other species. Spermophilus dauricus fed less selectively on Salsola
collina with increased levels of grazing intensity and more selectively on Stipa krylovii. Overall Spermophilus dauricus fed
most selectively on Allium bidentatum which had the highest selectivity index score. Five plant species were ingested by
Oedaleus asiaticus  but Cleistogenes songorica and Salsola collina constituted the largest proportion of its diet. The
selectivity indices of Oedaleus asiaticus for Salsola collina and Allium polyrhizum were lower with increased grazing
intensity while the selectivity indices for Cleistogenes songorica and Stipa krylovii increased. The selectivity index of
Oedaleus asiaticus for Allium bidentatum was highest at moderate grazing intensities. Analysis of variance tests on grazing
intensity herbivore identity and plant species factors revealed significant differences between each factor that we examined
(P < 0.05) and significant ( P < 0.01) interactions between any two factors or among the three factors. The proportion
of plant species ingested by herbivores in ungrazed plots was significantly ( P < 0.05) lower than that in grazed plots but
there was no significant difference between moderate grazing and heavy grazing intensity plots. The proportion of plant
species ingested by Ouvis aries was significantly ( P < 0.05) lower than that ingested by Spermophilus dauricus and Oedaleus
asiaticus  but multiple comparisons of the diets of different herbivores showed that there was no significant difference
between Spermophilus dauricus and Oedaleus asiaticus. Trophic niche breadth of the three herbivores became increasingly
narrow with increasing grazing intensity. There was a great deal of overlap among the three herbivores with the greatest
trophic overlap occurring between Ouis aries and Spermophilus dauricus. There was also considerable overlap in the diets of
Ovis artes and Oedaleus asiaticus  Spermophilus dauricus and Oedaleus astaticus. In summary heavy grazing on the Inner
Mongolian desert steppe changed a Stipa klemenzii-dominated community into a Salsola collina-dominated community. This
succession led to the degradation of the grassland and to fierce competition for resources among the three main herbivorous
species. Therefore controlling pests and mice population densities to prevent outbreaks is important for grazing livestock

and food safety.

Key Words: desert steppe; Ouvis aries; Spermophilus dauricus; Oedaleus asiaticus; Diet composition; trophic niche
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Table 1 The density of mice and their composition under different grazing intensities

Composition of mice/%

( /hm?)

Grazing intensity

Density of mice S, dquricus A. sibirica P. sungorus  A. eversmanni  Mus musculus M. unguiculatus C. Barabensis  C. paradoxus
NG 5.92 32.3 16.1 29 9.7 3.2 6.5 3.2 0
MG 2.24 50 16.7 8.3 25 0 0 0 0
HG 4.64 24 16 24 12 0 4 8 12
NG: No grazing; MG: Moderate grazing; HG: Heavy grazing ( similarly hereinafter)
1.2.3
20 10
200 1d o
( 2)o
2
Table 2 The density of grasshopper and proportion of their dominant species under different grazing intensities
I( /200 ) 1% /( /200 )
Grazing intensity Density of grasshopper Proportion of O. asiaticus Density of O. asiaticus
NG 15.3 70.6 10.8
MG 32.6 95.3 31.1
HG 24.8 95.5 23.7
1.3
1.3.1
2 100 m 10 m (I.0mx 1.0 m)
20 o 65 C o
0.5% 20200 g 1 mm o
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Table 3 Main plant species and their dry matter proportion in the community under different grazing intensities
Plant species NG MG HG Plant species NG MG HG
A. bidentatum /% 0.87 3.46 1.01 Allium polyrhizum /% 1.23 1.09 0.95
Artemisia frigida!% 1.33 0.13 0.22 Cares duriuscula /% 1.28 0.05 0.52
C. songorical% 9.97 6.74 8.85 Convolvulus ammannii/ % 1.46 0.61 1.40
Epheelra sinical% 0.11 0.12 2.63 Kochia pristata!% 0.10 3.06 0.12
S. collinal% 20.22 75.28 81.65 S. klemenzii/ % 62.88 9.09 2.14
99.45 99.63 99.49

Proportion of total DM/ %

http: / /www. ecologica. cn



860 33

2.2
10 4
C27‘C29‘C31 C33 °
4 /(mg/kg )
Table 4 n-alkane concentrations of main plant species in S. klemenzii community
Plant species Cyy Cos Coy Cos Cye Cy; Cyg Cyy Cy Csy, Cypy Css Css Total
A. bidentatum 2 8 2 16 2 92 22 331 20 233 16 24 0 768
A. polyrhizum 3 112 17 106 17 239 22 693 65 4177 57 94 3 5605
A. frigida 1 9 2 39 1 76 14 836 52 679 53 117 29 1908
C. duriuscula 4 6 3 7 2 21 6 274 31 303 23 58 2 740
C. songorica 4 1 2 7 2 29 5 85 4 90 4 4 5 242
C. ammannii 1 2 2 7 1 18 1 32 2 38 1 8 0 113
E. sinica 1 5 2 10 1 25 5 236 7 48 10 7 0 357
K. pristata 1 3 3 41 4 116 15 559 24 335 19 71 9 1200
S. collina 1 2 1 4 1 14 4 93 7 92 5 11 1 236
S. klemenzii 2 15 3 22 6 171 12 474 21 2521 33 1892 88 5260
2.3 3
10 ( 3)
( 5. 6—8
( Artemisia frigida) ( Cares duriuscula)
; 5—7 ; 5
N ( Allium polyrhizum) o
N 3
( 6)
« 7
( 8o
8 ( Kochia pristata) ( 9,
5 3 ( + ) /%

Table 5 Estimated diet composition ( Mean + S. E%) and their multiple comparisons of three herbivores using the n-alkane technique under

different grazing intensities

0. aries S. dauricus 0. asiaticus
Plant species

MG HG NG MG HG NG MG HG
A. bidentatum 11.0x1.2a 4.5+0.3a 16.4+2.0a 14.6+2.1a 13.2+1.3a 0.4+0.1b 5.6+0.3a 0.8+0.1b
A. polyrhizum 5.3£0.8a 1.5+0.1a 1.1x0.1la 4.2x0.8a 2.2+0.4a 2.5x0.4a 2.1x0.2a 1.3+0.1a

A. frigida 0 1.0£0.1 9.3x1.3a 1.3x0.3b 1.4+0.2b 0 0 0

C. duriuscula 0 1.0£0.1 3.2+0.4 0 0 0 0 0
C. songorica 11.6x1.5a 17.8+2.1a 0 0 4.3+£0.7 19.0+2.0a 22.7+2.3a 28.4%2.5a

K. pristata 3.5+1.2 0 0 0 0 0 0 0
S. collina 60.6+2.1a 72.2+2.2a 60.5+2.4a 76.8+3.2a 77.6+2.6a 38.8+2.2b 58.0+3.4a 63.2+3.3a
S. klemenzii 8.0+1.8a 2.0x0.3a 9.5%1.2a 3.1x0.2b 1.320.3b 39.3+2.2a 11.6+1.8b 6.3x1.2b

(P < 0.05)
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Table 6 Three factor analysis of variance of diet proportion

Type I s F
Source of variation ype 7T sum Degree of freedom Mean square
of squares
Grazing intensity 832.641 2 416.32 263.958 **
Herbivores 815.261 2 407.63 258.448*F
Plant species 66565. 481 7 9509. 354 6029. 179 **
X Grazing intensity X herbivores 1663. 121 4 415.78 263.615*F
X Grazing intensity X plant species 8251.361 14 589.383 373.684 *F
X Herbivores x plant species 7197.236 14 514.088 325.945*F
X X ,
SR . : 3130.473 28 111.803 70. 886 **
Grazing intensity X herbivores X plant species
Error 227.12 144 1.577
Total 88682.693 215
* ok (P <0.01)
7
Table 7 Multiple comparisons of diet proportion under different grazing intensities
Grazing intensity Mean Std. deviation Number of samples
NG 8.2958 a 15.71730 72
MG 12.4292 b 21.09884 72
HM 12.4917 b 23.34801 72
(P < 0.05)
8
Table 8 Multiple comparisons of diet proportion in different herbivores
Herbivores Mean Std. Deviation Number of samples
0. aries 8.3250 a 18.31380 72
S. dauricus 12.4125 b 23.24482 72
0. astaticus 12.4792 b 19. 02243 72
(P < 0.05)
9

Table 9 Multiple comparisons of diet proportion in different plant species

Plant species Mean Std. Deviation Number of samples

C. duriuscula 0.4593 a 1.01952 27

K. pristata 0.3852 a 1.15948 27

A. bidentatum 7.3778 b 6.33521 27

A. frigida 1.4444 ¢ 2.91380 27

A. polyrhizum 2.2481 d 1.60633 27

C. songorica 11.5370 e 10. 58436 27

S. klemenzii 8.7889 11.71299 27

S. collina 56.3370 g 23.40620 27

(P < 0.05)
2.4 3
1.0 ( 10)
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Table 10 Selectivity index ( S/) of three herbivores of primary plant species under different grazing intensities

10

3

(S1)

10)

0. aries S. dauricus 0. asiaticus
Plant species
MG HG NG MG HG NG MG HG
A. bidentatum 3.18 4.46 13.01 13.76 13.68 0.46 1.62 0.79
A. polyrhizum 4.86 1.58 1.15 1.16 1.98 2.03 1.93 1.37
A. frigida - 4.55 6.77 7.69 4.55 - - -
C. duriuscula - 1.92 2.34 - - - - -
C. songorica 1.72 2.01 - 0.56 1.91 3.37 3.21
K. pristata 1.14 - - - - - - -
S. collina 0.8 0.88 3.02 1.02 0.96 1.92 0.77 0.77
S. klemenzii 0.88 0.93 0.16 0.33 0.47 0.63 1.28 2.94
2.5 3
3 ( 11)
11 3
Table 11 Coefficient of trophic niche breadth of three herbivores under different grazing intensities
Grazing intensity
Herbivores
NG MG HG
0. aries - 1.27 0.92
S. dauricus 1.20 0.78 0.81
0. asiaticus 1.17 1.15 0.92
2.6 3
o 3
( 12)
A) 3
. 3 ( 10)
3
(1) 15 *
39-40
—10 W 20 14
17 0.05%
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0.02% ( Pocockia ruthenia)
( Plantago depressa)  0.04%
( Scorzonera austriaca) .

o

o 10
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0. 0005% -

( Koeleria cristata)

0.03% .
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99% 10
40 10
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Table 12 Overlap of trophic niche among three herbivores in S. klemenzii community

0. 002% -
0.04%

Herbivores 0. aries S. dauricus 0. asiaticus
0. aries + 0. 1944 0. 1815
S. dauricus + 0.1033
0. asiaticus +
(2) . ‘
42 ( )
12 36 43
4445
5 4

(3) 7 46

(1 50%

17 47
48 5_6
21
49 50
(4
52 53
11

54 16 20

(s .
50
21
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