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Abstract: It is known that global warming an extremely threatening problem for human changes the ecological processes
and ecosystem in an unprecedented way. There is no doubt that climate warming can significantly affect insects that are more

sensitive to the changes in environment and are regarded as the bio-indicator of ecosystem to disturbances. Herbivores attract
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more attention than other insects owing to their advantages in terms of quantity and function. Although the general effects of
warming on herbivores are positive recent studies suggest that they are highly variable across species and depend on the
optimum temperature. In addition there are many abiotic and biotic factors such as soil fertilization precipitation wind

below ground herbivores arbuscular mycorrhiza fungi and enemies of herbivores affecting the interspecific interactions of
predation. They can probably alter the responses of herbivores to warming. This hypothesis had been validated by some field
studies. Arbuscular mycorrhiza fungi ( AMF) one of the most widely distributed soil organisms develop root symbiotic
associations with nearly 85% of terrestrial plants. They can help roots uptake mineral elements such as nitrogen ( N) and
phosphorus ( P) in exchange for photosynthetic products from host plant. By this pathway AMF can interact with their
host plants and the outcome of these interactions in plants can cascade up to insect herbivores. Despite little consensuses
on the effects of AMF on predation several studies have suggested that they cannot be ignored. Surprisingly there is no
study on the role of AMF in regulating the responses of herbivores to warming. To close this gap we conducted an in situ
experiment in Tibetan Plateau ( TP) the highest and largest plateau on earth where temperatures increase more rapidly
than the global average. We used an open top chamber ( OTC) benomyl simulating warming and AMF control to
investigate their influences on the growth rate ( RG) and pupation time ( PT) of Gynaephora menyuanensis larvae an
endemic generalist species in northeastern TP. The larvae acted an ideal object of study to solve the above problem. The
results showed that the colonization rate of AMF with fungicide treatment was 29% lower than that in no fungicide treatment
group indicating that fungicide significantly suppressed mycorrhiza symbiosis. The mean GRs under no warming without
fungicide ( NWNF) no warming with fungicide ( NWF) warming without fungicide ( WNF) and warming with fungicide
( WF) treatments were 1.63 2.17 1.57 and 1.88 mg/d. The effects of warming fungicide and their interaction on the
GR of caterpillars were significant. The GRs under WNF and WF treatments increased by 34% and 16% compared with that
under NWNF treatment. The GR under WF treatment decreased by 13% compared with that under WNF treatment. Besides

warming significantly affected the PT of both female and male. The advancement of pupation time of female ( 2%) and male
(4%) under warming ( W) treatment was higher than that under no warming ( NW) treatment. The difference between the
pupation of female and male caterpillars under W treatment increased by 25% compared with that under NW treatment. The
effects of warming fungicide and their interaction on the pupal weight ( PW) of female caterpillars were significant but
PW of males were only altered by warming. The PWs of females under WNF and WF treatments increased by 22% and 8%
compared with that under NWNF treatment. And the PWs of males under W treatment was increased by 18% compared with

that under NWNF treatment. This is the first report on the effects of warming and arbuscular mycorrhiza fungi on herbivores.

Key Words: Gynaephora menyuanensis; simulated warming; arbuscular mycorrhiza; Tibetan Plateau
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Table 1 Summary of two way ANOVA for the effects of warming fungicide and their interaction on index in this study
Index Factor F P Index Factor F P
Colonization rate \4 0.537 0.474 W 69.597 <0.001
F 57.373 <0.001 Male pupation time F 0.179 0.675
WxF 2.149 0.162 WxF 1.034 0.315
Growth rate W 56.109 <0.001 Female pupal weight W 17.952 0.001
F 9.292 0.003 F 3.195 0.096
WxF 4.345 0.040 WxF 5.354 0.036
\ 22.188 <0.001 Male pupal weight W 5.374 0.034
Female pupation time F 0.133 0.717 F 0.026 0.874
WxF 0.002 0.963 WxF 0.019 0.893
W: Warming; F: Fungicide; WxF: Warming and fungicide
2.2
( ) NN ( ). X
1.63.2.17.1.57.1.88 mg/d(  2) . .
(F 56.109 9.292 4.345 P <0.001 0.003 <
0.040; 1) . ( ) 349(
2) . 16% 13%(  2).
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Fig.2 Growth rate of Gynaephora menyuanensis under

Fig.1 Colonization rate of AMF under different treatments
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