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Effects of high temperature stress on the biology and
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Abstract [Objectives] To clarify the influence of exposure to high temperature on the biology and predatory behavior of
the ladybug Menochilus sexmaculates. [Methods] Ladybugs were exposed to 35 °C for 3, 6 and 9 h after which their
development, survival, fecundity, morphological characteristics and predation on Aphis craccivora, were measured and
compared. [Results] The results revealed that, compared to ladybugs kept at 25 °C, exposure to 35 °C decreased adult
longevity, egg production, immature survival and hatching rate, but had no effect on body length or weight. Moreover, the
predation capacity (@'/Ty) and search efficiency (S) of M. sexmaculates with respect to A. craccivora were higher at 35 °C
than 25 °C, in particular after 6 and 9 h at 35 °C. [Conclusion] High temperature appears to have an adverse impact on M.

sexmaculates but also to some extent increases its capacity to prey on A. craccivora. These findings provide a scientific basis
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for using M. sexmaculates as a biological control and increases understanding of the effects of global-warming on the natural

enemies of pest insects.

Key words Menochilus sexmaculates; high temperature exposure; biological characteristics; predation; biological control
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F1 35 CRRARLETARAINENLZERH (1
Table 1 Development time of Menochilus sexmaculates under 35 °C at periods of 3,6 and 9 h
AP E] % & Jil Developmental time
WE (C) (n) — .
Temperature Exposure UfeR1G] %y B 3 i R I B 4 Adult longevity
periods (h) Egg stage Larva stage Pupa stage  Immature stage ME Male M Female
25 - 4.00+0 a 7.24+£0.35 a 3.36+0.3 a 14.60+0.64 a 86.39+8.56a 87.11%£1.64a
35 3 3.00£0 b 6.73£0.30 b 3.13+0.07 a 12.86+0.49b 77.22+6.3b  70.28+1.66 ¢
35 6 3.00£0 b 6.58+0.29 b 3.21+0.29 a 12.7940.63 b 77.5+£5.35b  78.2243.90 b
35 9 3.00+0 b 5.85+0.29 ¢ 3.38+0 a 12.23£0.18 b 76.61+5.58 b  72.95+4.71 ¢

Al —17 BV EE R AR A A F/NG TR IR AE P<0.05 ACFRA REMEZE SR (CRA] Duncan’s B i 22k ) o F&RRFl,
Data followed by different small letters in the same line or row are significantly different at 0.05 level by Duncan’s multiple
range test, respectively. The same below.
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Table 2 Reproductive parameters of Menochilus sexmaculates under 35 °C at periods of 3,6 and 9 h

SERE (o AEPRIFE (h) —— S 4 HUSGHE U ) 5P A % AR A
MHEE (°C) 77 B A . .
Temperature Exposure Egg production Egg hatching Larval survival Emergence Adult harvest
periods rate (%) rate (%) rate (%) rate (%)
25 - 907.85+13.99a  84.62+3.32a 71.11+4.43 a 81.11x1.11¢ 57.78+4.44 a
35 3 530.63+22.04¢c  74.87£7.31D 65.36+£3.46 b 83.64+3.64 ¢ 54.86+3.48 ab
35 6 643.20£15.16 b 80.67£7.99 a 43.19+£1.93 d 88.89+5.56 b 38.36+2.76 ¢
35 9 433.83£12.06d  69.95£2.32b 54.55+4.12 ¢ 95.83+4.17 a 52.38+3.06 b
N i1 TTIT:- 5N
22 ANERAAERNKA MBS FHEN R o .
221 BEHESELETHAKEAMBFERINGE

®

35 °Cay A BRAS [R] B [ 4 7S 36 ) S0 -1
MRS AR (R 4), HimiRk
o6 h 4 BahERKSMEERMERE (P<
0.05), HAWEFETCI B4k, HIERHEE (L
FERIAE 4 14 AP Bl = I Ak T [R] 34

IS 2t 35 °CriRAb B 7S EE A B 4)
Moo B A R, BEE SRR R
WA, IR E TR (K1)
H4iE Hollling 1T [5] #5  FE Xl & Dh gk 74U
A, R AR BE R 7S BEH Bl HUES T &
Igf i B AT A Hollling T RIS (£ 4) , i
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Table 3 Morphological character of Menochilus sexmaculates under 35 °C at periods of 3, 6 and 9 h

R Ab AT 4 {44 H 4th-instar larva S Adult
(°Cc) & (h) B 3 . N
'I‘empe_ Exposure 1ZI§‘+«< ( cm ) 1ZI§LJF'C ( cm ) 'MKE: ( g ) {Z’gk ( Cm) 12'&3,11'_“ ( cm ) 1ZI§$: ( g )
rature periods Body length Body width  Body weight  Body length Body width ~ Body weight
25 - 0.620 2+0.010 0 b 0.248 7+0.007 1 a 0.009 0+0 a 0.507 2+0.005 5 a 0.397 0+0.008 5a 0.014 9+0 b
35 3 0.630 1+£0.024 5 ab 0.237 1+0.024 5a 0.009 0+0 a 0.504 4+0.022 8 a 0.409 8+0.025 9a 0.016 4+0 ab
35 6 0.641 2+0.030 0 ab 0.249 640 a 0.009 9+0 a 0.508 6+0.0032a 0.411 6+0 a 0.0154+0 b
35 9 0.677 4£0.010 0 a 0.248 7+0.0032a 0.0104+0a 0.498 6+0.017 3 a 0.401 5+0.017 3a 0.018 0+0 a
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Table 4 Functional response of Menochilus sexmaculates (larva and adult) to aphids
under 35 °C at periods of 3,6 and 9 h
; Ab P ] NP S
ﬁ}%x{ﬁrﬁf /jlg " "~ ~ 5, ALI\IE$‘§< . 2 D
e (h) b S R BRMEE S R i ER
Exposure r; :Sor Functional response type Correlation % a H a/Ty, 1/T,,
Temperature periods g efficient Ty
25 - N,=0.678 5N/(1+0.006 8N) 0.882 3 0.678 5 0.0100 67.8500 100.00
35 3 h N;=0.720 8N/(1+0.004 8N) 0.962 0 0.720 8 0.006 7 107.5821 149.25
35 6 Larva  N,=0.675 7N/(1+0.007 7N) 0.899 3 0.6757 0.011 4 59.2719 87.72
35 9 N,=0.834 7N/(1+0.006 9N) 0.869 0 0.834 7 0.0083 100.5663 120.48
25 - N,=3.763 6N/(1+0.061 ON) 0.294 0 3.763 6 0.0162 2323210 61.73
35 3 i N.=2.351 3N/(1+0.032 2N) 0.369 4 2.3513 00137 171.6277 72.99
35 6 Adult  N,=0.950 ON/(1+0.006 6N) 0.9532 0.9500 0.0069 137.6812 144.93
35 9 N,=6.013 2N/(1+0.102 8N) 0.517 5 6.013 2 0.0171 351.6491 58.48
A 25 - X% Log (25 C) W25C - X% Log (25 C)
.%2%311—5@‘%5(@%(35%311) +35°C3h — %% Log (35 C 3 h)
. ° 35?%6}11 .............. Xﬁ%Log(35°C6h) - .gszggﬂ .............. ;i%]_{og85%ggg
Q + 35C9h X% Log 35 C 9 h) Q -~ +35 --— XI%X Log (35
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Fig. 1

Fitting curves of preying function of Menochilus sexmaculates (larva and adult) to adult of

aphid under 35 °C at periods of 3, 6 and 9 h
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Fig. 2 The searching efficiency of Menochilus sexmaculates (larva and adult) to adult
of aphid under 35 °C at periods of 3,6 and 9 h
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