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Differences in heat tolerance and physio-biochemical mechanisms
between adult female and male Calliptamus italicus
(Orthopera:Acrididae)
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Abstract [Objectives] Calliptamus italicus is a major plague pest species in the arid and semi-arid grasslands of Xinjiang.
Previous studies claimed that outbreaks of this pest were closely related to climate warming in Xinjiang since the 1980s.
Females outnumbered males in natural populations. This study aimed to explore differences in heat tolerance between adult
females and males, including the physiological and biochemical mechanisms underlying these differences. [Methods] The
free water/combined water, trehalose, soluble protein, oleic acid, linoleic acid and linolenic acid content of females and males
was measured after adults were placed into a climate cabinet under consistent temperature regimes of 27-48 at3  intervals
for 4 h. [Results] Mortality of females and males did not significantly differ when exposed to <39 (P 0.05), whereas

the mortality of males was significantly higher than that of females when exposed to temperatures > 39 (P 0.05).
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Mortality of both sexes reached 100% at 51 . The contents of the six stress resistant substances in females and males showed
a trend of first increasing, then decreasing, with temperature. Although the free water/combined water ratios of females and
males were not significantly different under different temperatures (P 0.05), their trehalose and oleic acid contents were
significantly different (P  0.05). The linolenic acid content of females and males was also significantly different (P 0.05) at
all temperatures other than 45 , and soluble protein content was also significantly different between the sexes (P 0.05) at all

temperatures other than 27  and 48 .There was no apparent regulation of the change in linoleic acid content. The
accumulation rates of the six stress resistant substances differed with temperature; unsaturated fatty acids had the highest
accumulation rate, peaking at 82.53% and 117.13% for females and males, respectively. [Conclusion] C. italicus can adapt

to higher temperatures by accumulating stress resistant substances, and females have higher capacity for heat tolerance than

males.
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Fig.1 Trehalose contents of females and males exposed to different temperatures in Calliptamus italics
+ LSD

Duncan’s P 0.05 * T P 0.05
Data are presented as mean=SE, and followed by different small letters indicate significant difference between different
temperatures at the 0.05 level (LSD and Duncan’s multiple range test, P 0.05). *indicates significantly different at 0.05
level between females and males exposed to same temperatures in C. italicus (independent-sample 7 test, P 0.05).The
same below.
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Fig. 2 Protein content of females and males exposed to different temperatures in Calliptamus italics
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x1 ARIRETHEERFUZEKA 3 MAEFEHBMEETURES
Table 1 Contents of three unsaturated fatty acids in females and males exposed to different
temperatures in Calliptamus italicus

mg/g (mg/g) mg/g
Oleic acid content Linoleic acid content Lindenic acid content
Temperature
? d ? d ? )
27 79.926+11.206abA  25.899+12.951abB  23.274+2.233aA 21.720+7.348aA 43.727+0.002aA 22.341+1.428abcB
30 107.44249.187cA  56.234+7.082bB  42,483+1.070bcA 26.348+3.469aB 64.215+6.898cA 36.510+5.081cB
33 124.089+15.737cA  47.381+£3.990abB  49.022+8.437cA 28.069+7.605aB 69.094+8.538cA  38.605+0.662cB

36 110.275+19.814bcA 30.498+15.264abB 44,349+8.018bcA 23.752+8.580aA 42.336+4.272bA 26.700+2.646abcB
39 97.008+8.900bcA  31.433+16.973abB 42.604+5.326bcA 22.607+1.843aB 45.201+4.390bcA 18.383+7.160abB
42 90.179+1.212bcA  23.212+11.610abB 33.384+3.068bcA 23.286+9.037aA 34.332+11.451bA 21.157+1.310abcA
45 61.947+3.888aA  20.694+10.370abB 29.630+2.033bcA 20.141+1.560aB 32.547+1.762bA  17.105+9.047abA

48 40.186+1.618aA 2.679+1.340aB  29.274+0.001aA 16.184+3.663aB 25.570+1.795abA 11.412+0.606aB

+ LSD Duncan’s

P 0.05 T

P 0.05
Data in the table are mean+SE, and followed by different small letters in the same column indicate significant difference at
the 0.05 level (LSD and Duncan’s test, P 0.05). Data followed by different capital letters in the same row indicate

significant difference at the 0.05 level between females and males (independent-sample T test, P 0.05

%2 FRRETHWBEEAFRKAASYRS ORI

Table 2 Increase rate of different substances in females and males of Calliptamus italicus exposed to different

temperatures
/ Increase/Decrease rate (%)
/
Free water Trehalose . Lo Linoleic acid Lindenic acid
Temperature content/Combined content Protein content  Oleic acid content content content

water content

? 3 ? 3 ? 3 ? 3 ? 3 ? 3

27-30 -4.528 -1.283 0.103 0.721 66.026 6.138  39.669 117.131 82.535 21311 46.854 63.424
30-33 2.707 -1.804 0.051 0.102 15301 3.023 15494 -15.744 15391 6.531 7.598 5.739
33-36 12.026 36.984 0.769 -0.153 -8.488 -2.169 -11.132 -35.632 -9.533 -15.378 - 38.728 -30.838
36-39 9.587 -7.947 -0.305 -1.331 -18290 -7.433 -12.031 3.065 -3934 -4820 6.768 -31.152
39-42 - 28.649 -28.701 -1.122 - 0.467 -21.744 -6.762 -7.040 -26.155 -21.642 3.000 - 24.268 15.090
42-45 -16.004 -9.546 -0.310 -1.199 -1.941 -3.777 -31.306 -10.848 -11.243 -13.506 -4.922 -19.153

45-48 - 4.659 -14.341 -0.414 -0.001 -31.149 -1.884 -35.129 -87.054 -1.202 -19.646 - 21.436 - 33.284

The negative value and positive value indicate decrease and increase, respectively.
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