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Influence of temperature on the re-emigratory flight performance of

Cnaphalocrocis medinalis ( Guenée) ( Lepidoptera: Pyralidae)
YANG Fan, ZHAI Baoping

Key Laboratory of Integrated Management of Crop Diseases and InsectPests, Ministry of Education, Ministry of Agriculture of China, Department of

Entomology , Nanjing Agricultural University, Nanjing 210095, China

Abstract: The rice leaf rollerCnaphalocrocis medinalis ( Guenée) is one of the most serious pests ofrice production in Asia.
The speciesis a high—altitude nocturnal windborne migrant. The mothsmigrateannually from southern to northern China in
spring and summer, and then return to southern China in the fall. The migration involves a series of nighttime flights rather
than one continuous flight. Mothsusually land at dawn and take-off againthe following evening. Our previous studyreported
their considerablecapacity to re-emigrate. However, the response of re-emigrating moths to ambient temperaturesremains
unclear. The flight and re-emigration performance of C. medinalis in relation to temperature and their sex were examined in
this studyby tethered flight with computer-based flight mills at different temperatures (20°C—29°C) in 2-d-old virgin
females and males when take-off behavior occurred for the first time.The selection and adaptability of the flight process to
temperature can help reveal the dynamic distribution and flight behavioral mechanisms of aerial migratory insects.

The results showed that ambient temperature significantly influenced the re-emigratory flight performance of C.
medinalis, although flight activities were normal between20°C and 29°C. Not all the measured flight parameters were
significantly different between females and males at the same temperatures. The longest flight duration, fastest flight speed,
greatest flight distance, and highest take-off proportion and re-emigration times were recorded at 26°C. Adults could fly for
3.42 successive nights on average, andthe maximum flight duration of six nights was observed at 26°C. However, most

individuals could only complete a continuous flight for one night and could not take off for the second night at theother three
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temperatures. Although the re-emigration performance at 20°C or 23°C was similar to that at 29°C, different effects on the
flight behavior were observed. The flight velocity was greatly reduced at low temperatures, which shortened the total flight
distance. The mortality rate of moths after successive passive flights was significantly higher at 29°C than at the other
temperatures, thereby showing that high temperatures had a greater influence on the survival rate of moths engaging in long-
duration flights than low temperatures. Active selection behavior for optimal flight temperature (i.e. the flight altitude) was
exhibited by the airborne migrants to avoid or reduce unnecessary energy costsduring migration wheneverpossible. We
suggest that re-emigration flight can be momentarily terminated if the environmental temperature is significantly lower than
the optimal flight temperature forC. medinalis. Airborne migrants may choose the most optimal flight altitudefor different

migration seasons, according to the weather system on a small or moderate scale.
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Table 1 Three-factor repeated measures analysis of variance for the effects of temperature, sex and flight times on re-emigration flight

performance of Cnaphalocrocis medinalis

ZH Traits K+ Factors d. f. F P
AT A i Temperature (A) 3 19.56 <0.0001
Flight duration 5] Sex (B) 1 2.26 0.1344
KATUBL Flight times (C) 5 13.05 <0.0001
Ax B 3 0.56 0.6423
Ax C 15 4.27 <0.0001
Bx C 5 1.79 0.1178
Ax B x C 15 0.91 0.5532
AT 5L Temperature (A) 3 58.73 <0.0001
Flight velocity P51 Sex (B) 1 0.83 0.3634
KATUBL Flight times (C) 5 13.70 <0.0001
Ax B 3 1.18 0.3200
Ax C 15 9.13 <0.0001
Bx C 5 1.55 0.1759
AX B x C 15 1.14 0.3229
RATHE B R Temperature (A) 3 17.69 <0.0001
Flight distance PEBI Sex (B) 1 0.36 0.5498
KAFUEK Flight times (C) 5 25.91 <0.0001
Ax B 3 0.70 0.5509
Ax C 15 1.23 0.2511
Bx C 5 0.25 0.9392
AX B x C 15 0.79 0.6845
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Table 2 Effects of temperature on re-emigrationflight duration of C.medinalis adults

PE5 IR YN THE KK EL Re-emigration times (n)
Sex Temperature ~ Samples (n) 0 1 2 3 4 5
I 20°C 20 1.82+0.22 1.38+0.19 1.44+0.14 1.25:0.24 1.08+0.18  0.98+0.19
Females 23°C 16 1.90:0.24 2.17£0.31 1.4120.35 1.7420.03 0.00 0.00
26°C 23 2.48+0.21 2.66+0.22 2.41x0.31 2.43£0.27 2.04x0.24  2.16x0.64
29°C 2 2.29£0.19 1.3020.15 1.2620.25 0.85 0.00 0.00
T 20°C 16 2.31x0.22 1.87+0.37 1.57+0.30 0.00 0.00 0.00
Males 23°C 21 2.01x0.18 1.5120.35 1.2920.36 1.4620.47 1.0420.53 0.00
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5 by R T KIRAL Re-emigration times (n)
Sex Temperature ~ Samples (n) 0 1 2 3 4 5
26°C 47 2.56x0.13 2.73+0.14 1.880.20 2.02+0.27 1.75£0.16 0.94x0.13
29°C 27 2.29+0.17 1.71x0.29 1.36x0.32 0.76 0.00 0.00
§587) 20C 36 2.04+0.16 b 1.56£0.18 b 1.500.14 ab  0.63=0.26 ¢ 0.54+0.21 b 0.49+0.19 b
Total 23C 37 1.96x0.15 b 1.92x0.24 b 1.38£0.26 b 1.60x0.21 ab  0.690.35 b 0.00 b
26C 70 2.53+0.11 a 2.71+0.12 a 2.05+0.17 a 2.21+0.19 a 1.67£0.21 a  1.55+0.38 a
29°C 49 2.29+0.12ab  1.53x0.18 b 1.33+0.22ab  0.81+0.05 be 0.00 b 0.00 b

TP B T A e hR R TR — B0 R R A S R FERER IR 4 Tukey” s HSD #2305 25 53 18 3% (P<0.05) o A0 A e i Ui kiRl R 2 H
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Table 3 Effects of temperature on re-emigrationflight distance of C.medinalis adults

PR TR R i THE KK EL Re-emigration times (n)
Sex Temperature ~ Samples (n) 0 1 2 3 4 5
e 20C 20 3.30+0.55 2.45+0.49 1.97+0.31 1.69+0.45 1.40+0.32 1.18+0.31
Females 23C 16 3.74+0.83 3.42+0.75 2.22+0.83 4.08+0.59 0.00 0.00
26C 21 6.88+0.75 7.01+0.0.98 5.55+0.86 5.54+0.78 4.64+0.71 4.88+1.96
29C 22 6.07+0.79 3.05+0.53 2.42+0.38 1.67+0.68 0.00 0.00
fi 20C 16 4.33+0.44 2.80+0.86 1.86+0.59 0.00 0.00 0.00
Males 23C 21 4.08+0.59 1.71+0.70 1.16+0.52 2.42+1.36 1.00+0.71 0.00
26C 44 6.72+0.49 6.93+0.51 4.71+0.59 4.53+0.78 1.69+0.21 1.39+0.08
29C 27 5.52+0.53 3.78+0.86 3.08+1.08 1.13+0.61 0.00 0.00
Bt 20C 36 3.76+£0.37 b 2.58+0.43 b 1.93+0.39 b 0.85+0.39 ¢ 0.70£0.27 b 0.59+0.23 b
Total 23C 37 3.93+0.48 b 2.57+0.53 b 1.87+0.58 b 3.25+0.77 b 0.69+0.31 b 0.00 b
26C 65 6.77£0.41 a 6.96+0.46 a 5.00+0.48 a 5.01£0.55 a 3.5120.60 a  3.14x1.12 a
29C 49 5.77£0.46 a 3.44£0.52 b 2.81+0.65 b 1.40+0.27 be 0.00 b 0.00 b
x4 BEXNTARR(XR)HHOBAESHER R CTEE (kn/h) 00
Table 4 Effects of temperature on re-emigrationflight velocity of C.medinalis adults
P51 TR Ny THE RIKEL Re-emigration times (n)
Sex Temperature ~ Samples (n) 0 1 2 3 4 5
HfE ke 20C 20 1.67+0.08 1.52+0.13 1.37+0.08 1.26+0.15 1.30+0.11 1.20+0.13
Females 23C 16 1.76+0.16 1.64+0.18 1.37+0.19 1.83+0.55 0.00 0.00
26C 21 2.67+0.12 2.68+0.14 2.45+0.11 2.30+0.17 2.27+0.19 1.82+0.38
29C 22 2.56+0.16 1.89+0.19 1.61+0.25 1.59+0.37 0.00 0.00
T 20C 16 1.84+0.07 1.31+0.16 1.16+0.21 0.00 0.00 0.00
Males 23C 21 1.87+0.13 1.31+0.20 0.99+0.12 1.52+0.44 0.96+0.59 0.00
26C 44 2.52+0.10 2.43+0.11 2.48+0.13 2.22+0.13 1.69+0.15 1.53+0.12
29C 27 2.34+0.10 1.75+0.17 2.05+0.29 1.50+0.33 0.00 0.00
Bt 20°C 36 1.75+0.06 b 1.45+0.10 ¢ 1.30+0.09 ¢ 0.63+0.25 ¢ 0.65+0.25 be  0.60+0.23 b
Total 23C 37 1.82+0.10 b 1.46+0.14 ¢ 1.23+0.13 ¢ 1.70+0.34 ab 1.05+0.09 b 0.00 be
26C 65 2.57+0.08 a 2.16+0.09 a 2.08+0.09 a 1.95+0.08 a 1.56+0.09 a  1.14£0.10 a
29C 49 2.44+0.09 a 1.81+£0.12 b 1.83+0.19 b 1.56+0.21 b 0.00 ¢ 0.00 be
(AR 76 2 HI B UG RINE RS I e 7 20°C 1 23°C 254 T O-F- 1 AT A 1.75 0
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Table 5 Chi-square test for the effects of temperature on re-emigration flight proportion and mortality rate of C.medinalis adults

AL CIRE(n) “KATELAR Flight proportion BET3 Mortality rate

Re-emigrationtimes X2 » 2 )
0 4.976 0.1735 30.564 <0.0001"
1 20.269 0.0001 52.254 <0.0001
2 49.186 <0.0001 52.789 <0.0001
3 34.355 <0.0001 47.935 <0.0001
4 19.562 <0.0001* 40.698 <0.0001
5 4.192 0.0406 * 26.435 <0.0001°¢

CFN HFIREIE X 2K HE , XF 20°C \23°C 1 29°C AL R AR AT 1A IR AR D FOR AR IE X 2K RE , XF 20°C \23°C 1 26°C A B AG SR AT T
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25
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Fig. 3 Mortality rate ofC.medinalis adultsunder different temperature treatments tested for 4-h on flight mills every night
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