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Effects of microsporidia Paranosema locustae on the community structure and
diversity of aboveground natural enemies of grasshoppers in rangelands
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China Agricultural University, Beijing 100193, China)

Abstract: For sustainable control of grasshoppers by microsporidia Paranosema locustae, the effects
of P. locustae on grasshoppers were investigated in Qinghai Province in 2015. The results showed that
there was no significant difference in the species of natural enemies in temperate and alpine steppe be-
fore and after treatment with P. locustae, but the ratios of natural enemies were different. After treating
P. locustae for two, three, or four weeks, the ratio of the parasitic flies from the temperate steppe in-
creased by 330.6%, 752.8%, 752.8%, and those from the alpine steppe increased by 108.1%, 309.9%,
310.8%, while the ratio of blister beetles from the temperate steppe decreased by 43.5%, 45.5%, 75.5%,
and those from the alpine steppe decreased by 54.2%, 77.2%, 76.3%, respectively. The Shannon index
of natural enemies increased by 5.7%, 7.0%, 3.8%; the Piclou index increased by 6.2%, 6.2%, 3.7%,
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and the Simpson index increased by 5.4%, 6.8%, 4.1% after treating P. locustae for two, three, or four

weeks in the temperate steppe, respectively. In the alpine steppe, the Shannon, Pielou and Simpson in-

dexes increased by 4.8%, 5.4%, and 3.8%, respectively, two weeks after treatment; the Shannon and

Simpson indexes non-significantly increased by 1.8% and 2.2%, respectively, and the Pielou index sig-

nificantly increased by 1.3% after treatment for three weeks, but the three indexes showed no significant

changes post treatment for four weeks. The Bray-Curtis distances of the community of natural enemies

showed significant difference after treatment with P. locustae for two, three, or four weeks, but within

the replicates no significant change was observed. These results suggested that P. locustae had no side-

effects on the community diversity of natural enemies in the temperate and alpine steppes after treat-

ment with P. locustae.
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Table 1 Ratios of main natural enemies post treatment in temperate and alpine steppes

before and after treatment with Paranosema locustae

LS AR TRE] ()

455 Temperate steppe (%)

Time after treatment

(week) Y Ant e Wasp AW Carabid 5675 Blister A ZE M Fly Ruﬁbi Eﬂf:ly Sm;fuiiq;r
0 23.6£3.1 ¢ 1.8£0.6 b 72+1.2b 20.0+4.2 a 3.6+1.1¢ 5.541.2a 382+3.1a
2 33.844.8 a 1.4+0.2b 9.9+1.7 a 11.3£2.6 b 155432 b 14+£0.7¢ 26.7£3.2b
3 19.844.3 cd 1.9+0.1b 9.9+19a 10.9+3.1b 30.7£5.1a 1.9+0.6 b 24.8+2.7 be
4 29.4+33 Db 55+1.1a 6.3+1.3 be 49+2.1¢ 30.7449a  2.140.7b  21.6+£23 ¢
ALPRJE st ] (R T FEHE Alpine steppe (%)
Time after treatment
(week) J B Ant Zi4% Wasp 5 Carabid 56 Blister  /E 0 Fly £ dui: Rubber fly
0 222+32b 11.1+2.3 b 11.1£2.7 b 33.44+4.7 a 11.1£2.7 ¢ 11.1+1.6 a
2 38.5+3.7a 7.7+1.7 cd 154423 a 15.3+1.9b 23.142.4b 0.0+£0.0d
3 253+4.1b 5.1+£1.2d 13.9+3.6 ab 7.6x1.3 ¢ 455+£5.1 a 2.5+0.6 ¢
4 10.5£2.3 ¢ 24.543.7 a 6.1+1.4 ¢ 7.9+1.6 ¢ 45.6+3.8 a 53+1.1b

BRI B bR R . R B R 7Bk R 7R 4 one-way ANOVA K5 56 78 P<0.05 /K22 5+ . % . Data are mean=SE.
Different letters in the same column indicate significant difference at P<0.05 level by one-way ANOVA.
R2 EREARATFIEEEERNSEERER XYEESHEERNEN

Table 2 Biodiversity changes of natural enemy community before and after treatment

with Paranosema locustae in temperate and alpine steppes

ANE S BT (JE) ¥ I Temperate steppe

Time after treatment

= FEEL i Alpine steppe
P

(week) Shannon .?Eiéﬂl P_ielou .T'E?%fﬁl S.impson ﬂ"ﬁ%ﬁ( Shannon .%“'ET*I,’I .ielou f’é‘.%ﬁl Simpson .T'éﬁ(
Shannon index Pielou index Simpson index Shannon index Pielou index Simpson index

0 1.568+0.009 ¢ 0.806+0.005c  0.745+0.007 ¢ 1.673+0.009b  0.934+0.005 ¢ 0.789+0.004 b

2 1.664+0.001 a  0.855+0.001 a  0.780+0.001 a 1.747+0.003a  0.975+0.002 a 0.819+0.001 a

3 1.677£0.009a  0.862+0.004 a  0.789+0.003 ab  1.704+0.003 ab  0.951+0.002 b 0.800+0.001 b

4 1.626+0.002b  0.836+0.001 b  0.769+0.001 b 1.682+0.009 ab  0.939+0.005 bc  0.790+0.004 b

25 B R BB bR LR o RS AS [] S B 28 78 45 one-way ANOVA K 36 7E P<0.05 7K - 2% 5 . % . Data are mean+SE.

Different letters in the same column indicate significant difference at P<0.05 level by one-way ANOVA.

2.3 AN EIERBESE N ST I E AR
Jite FHREL PR A A1 R e S X R B R
TR %) A H ] A 40 I 2 S I 3 (F=158.32, P<
0.001) , Hjifi FH it B fiqfl - J 565 3 JR) RN RS 4 8] i ik
Jir i X 328 R BRI 1) A B Al A B i 8 L 5 2
Ay AT 39.0% Fl 117.4% , 5k 5 B X Rk
22 Bt T ) Z2E K 38 i 4 3 (P<0.05, &1 1-A) . Jife
FH G AN s 99 2 52 A DX ) %) A 3 A 30T I g A A
P TC B A8k (F=3.071,P=0.091, %1 2-A) .,

Jit FHEL FR A 1 vy SR e S DX R B
() A T A A T R R 22 i R 2 (F=954.59, P<
0.001), FLjite FH 2 H SiAE 75 55 3 JRIRIEE 4 8] i) =y 9
F A0 X 3B R B AT B AT i 5 L2 2
A3 SIBEIN T 29.8% Fl 54.3% , 5 FE 2 JF IR 6 X R H#
22 1 B[] S KA 35 T i (P<0.05, K1 1-B)
Jith 245 i AN ) R U0 o A A DX ) R TR v 1 A e e 0
8 E A A G B 3 AR 4k (F=3.95, P=0.053)
(K2-B).
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Fig. 1 Changes of Bray-Curtis distance of natural enemy community after treatment in temperate (A) and alpine (B) steppes
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ent letters indicate significant difference at P<0.05 level by one-way ANOVA.
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Fig. 2 Changes of Bray-Curtis distance of natural enemy community from replicates region after treatment in temperate (A)

and alpine (B) steppes
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