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The combined effects of livestock grazing and seasonally increasing
precipitation on the development and survival of Dasyhippus
barbipes in Inner Mongolia
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(1. College of Agronomy, Inner Mongolia Agricultural University, Hohhot 010019, China; 2. State Key Laboratory of
Integrated Pest Management, Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, China)

Abstract [Objectives] Precipitation and grazing are important factors that drive grasshopper outbreaks in grassland
ecosystems but exactly how these factors affect grasshopper population dynamics remains controversial. To clarify this, we
studied the combined effects of sheep grazing and seasonally increasing precipitation on variation of both total C and N
content, and available C and N content, of grasshopper food plants. [Methods] Using both field studies and laboratory
experiments, we investigated the development and survival responses of D. barbipes under different grazing and precipitation
treatments. [Results] Grazing can significantly decrease the C content in soluble sugar, and the available C content of the
leaves of Leymus chinensis, but did not significantly affect the C content of starch or total C. Grazing also significantly
increased the N content of amino acids, available N, total N, and the available C : N ratio. However, it had no significant effect

on the N content of protein. The effect of seasonally increasing precipitation on C and N varied between grazed and ungrazed
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treatments. Increasing precipitation tended to reduce the C content of soluble sugar and the N content of amino acids, but the
differences among precipitation treatments were not significant. Moreover, the results of a laboratory experiment suggest that
grazing significantly decreased mortality, shortened developmental duration, increased growth rate, and increased adult body
weight of fifth instar nymphs to adults, whereas the results of a cage experiment conducted in the field indicate that grazing
increased survival and the development rate. Nevertheless, increasing precipitation did not significantly affect any biological
parameters of D. barbipes. [Conclusion] Suitable grazing was propitious to the growth, development, survival of D.
barbipes, and could promote grasshopper outbreaks by decreasing the C content of soluble sugar and increasing the N content
of amino acids in food plant leaves.

Key words increasing precipitation, livestock grazing, Dasyhippus barbipes, elemental content, soluble sugar, starch, amino

acids, protein
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Table 1 Treatment composition of grazing and increasing precipitation during spring and
summer in field manipulated experiments
Grazing Ungrazing
No. 1 2 3 4 1 2 3 4
Repeat 1 Repeat 2 Repeat 3 Repeat 4 Repeat 1 Repeat 2 Repeat 3 Repeat 4
1 111 211 311 411 111 211 311 411
2 111 211 311 411 111 211 311 411
3 110 210 310 410 110 210 310 410
4 110 210 310 410 110 210 310 410
5 101 201 301 401 101 201 301 401
6 101 201 301 401 101 201 301 401
7 100 200 300 400 100 200 300 400
8 100 200 300 400 100 200 300 400
000 1 2 3 0 1

000, the first number is repeat; the second number is spring treatment; the third number is summer treatment. 0, Unincreasing

precipitation; 1, Increasing precipitation.
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Fig. 1 The percent content of C, N element in leaves of Leymus chinensis
A. C B. N C. C!N C C + C
E. N N + N F. C:!N 00 01
10 11 18] +

A. Total C content; B. Total N content; C. Total C : N ratio; D. Available C content (C in soluble sugar + C in starch);
E. Available N content (N in amino acids + N in protein); F. Available C : N ratio. 00: Control; 01: Increasing
precipitation in summer; 10: Increasing precipitation in spring; 11: Increasing precipitation in both
spring and summer. G: Grazing; U: Ungrazing. Data are mean + SE. The letters at each data points in figure indicate
significant difference at 0.05 level. The same below.
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Table 2 ANOVA for effects of grazing and increasing precipitation seasonally on
elemental content in leaves of Leymus chinensis

X

Precipitation Grazing o .
PrecipitationxGrazing
Index
F dfl, df2 P F dfl, df2 P F dfl, df2 I
F-value P-value F-value P-value F-value P-value
2.339(1, 3) 0.083 0.449(1, 1) 0.506 0.179(1, 3) 0.91
Total C content
7.274(1, 3) 0.000%** 6.304(1, 1) 0.015% 3.838(1, 3) 0.014*
Total N content
' . 8.982(1, 3) 0.000%* 5.57(1, 1) 0.022* 4.023(1, 3) 0.012*
Total C : N ratio
. 3.513(1, 3) 0.021* 96.624(1, 1) 0.000%** 2.986(1, 3) 0.039*
Available C content
. 1.778(1, 3) 0.162 20.433(1, 1) 0.000%* 0.792(1, 3) 0.503
Available N content
. ' . 0.455(1, 3) 0.715 80.16(1, 1) 0.000%** 1.905(1, 3) 0.139
Available C : N ratio

*kE P=0.05 P=0.01 Tukey P<0.05
* and ** indicate significant difference at 0.05 and 0.01 level, respectively (Tukey test: P<0.05). The same below.

2 B 3 P=0.604

P=0.732 1 D 2  P=0.000
P=0.783 P=0.021
P=0.015
2 ¢ 3
P=0.000
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P=0.012 P0.039
1 E 2
P=0457
, P=0.000
D 3 P=0.521 P=0.162
0,930 P=0.503
P=0.799 I F 2
2.13 FHIEA C%H N%EEH C 1 N B4 47 C-N £=0.000
P=0.715
C:N P=
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Fig. 2 The C content in soluble sugar and starch, the N content in amino acids and proteins of Leymus chinensi
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A. C content in sugar state; B. C content in starch state; C. N content in amino acid state; D. N content in protein state.
00: Control; 01: Increasing precipitation in summer; 10: Increasing precipitation in spring; 11: Increasing
precipitation in both summer and spring; G: Grazing; U: Ungrazing.
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Table 3 ANOVA for effects of grazing and increasing precipitation seasonally on
physiological index of Leymus chinensis

X

Precipitation Grazing o .
PrecipitationxGrazing
Index
F o odfde P F  did2 P F didp P
F-value P-value F-value P-value F-value P-value
. 3.482(1, 3) 0.022* 136.608(1, 1) 0.000** 3.173(1, 3) 0.031*
Carbon content in sugar state
. 0.431(1, 3) 0.732 0.272(1, 1) 0.604 0.359(1, 3) 0.783
Carbon content in starch state
Nitrogen content in 4.233(1, 3) 0.009** 53.671(1, 1) 0.000** 0.880(1, 3) 0.457
amino acids state
0.1438(1, 3) 0.930 0.416(1, 1) 0.521 0.336(1, 3) 0.799

Nitrogen content in protein state
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Fig. 3 The biological index of Dasyhippus barbipes female individuals from fifth
instar to adult in laboratory rearing experiment
A. B. C. D. 00. 01. 10.

11. G. U. =+

A. Mortality; B. Development rate; C. Growth rate; D. Adult weight. 00. Control; 01. Increasing precipitation in summer;
10. Increasing precipitation in spring; 11. Increasing precipitation in both summer and spring.
G. Grazed; U. Ungrazed. Data are mean = SE.
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Table 4 The ANOVA of the biological index of Dasyhippus barbipes female individuals from
fifth instar to adult in laboratory rearing experiment
Precipitation Grazing o .X .
Index PrecipitationxGrzing
F dfl, df2 P F dfl, df2 P F dfl, df2 P
F-value P-value F-value P-value F-value P-value
Mortality 0.420(1, 3) 0.740 27.025(1, 1) 0.000** 0.703(1, 3) 0.560
Development duration 1.459(1, 3) 0.227 262.869(1, 1) 0.000** 1.853(1, 3) 0.138
Growth rate 1.576(1, 3) 0.196 75.227(1, 1) 0.000** 1.404(1, 3) 0.242
Adult weight 1.571(1, 3) 0.197 19.048(1, 1) 0.000** 1.003(1, 3) 0.392
5 0.000
3 C 4  P=0.000 P=0.000
P=0.196 P=0.000
P=0.000 P=0.001
P=
0.016
P=0.000
P=0.242 . e
3 ZFig5itie
3 D 4  P=0.000
PZO. 197 C%
C%
P=0.02 N% N%
P=0.029 C'N
C'N 1 A~C
P=0.392 C%
222 ESMMEHEFRE
N%
4 A 5  P=0.000
C:'N
P=0.074 1 D~F
C% N%
P=0.014 C% N%
C% 3%~5.5% C%
45%~4T7% 10
P=0.298 N% 0.1%~0.2% N%
2%~3% 10
4 B 5 P= C'N 20%~40% C:
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Fig. 4 The biological index of Dasyhippus barbipes in field rearing experiment
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A. Mortality; B. Development schedule. 00. Ccontrol; 01. Increasing precipitation in summer; 10. Increasing precipitation
in spring; 11. Increasing precipitation in both summer and spring. G. Grazed; U. Ungrazed. Data are mean + SE.

=5

B AFREPERRAENEYFSHUILRNAES N

Table 5 The ANOVA of the biological index of Dasyhippus barbipes in field rearing experiment

X

Precipitation Grazing L .
Index Precipitation x Grazing
F o dfl,df2 P F  dfl,dp P F darn, df2 P
F-value P-value F-value P-value F-value P-value
Mortality 2.434(1, 3) 0.074 17.267(1, 1) 0.000** 1.257(1, 3) 0.298
Development schedule 17.914(1, 3) 0.000**  103.991(1, 1) 0.000** 9.767(1, 3) 0.000**
N 5
N
C 3 4
C%
C%
C% N%
N%
C%
N% N%
C% N%
C%
N% 2 A~D
1985
1994 N%
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