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Effects of temperature and LED light on the behavior of Daphnis nerii larvae
( Lepidoptera ; Sphingidae )

TU Xiaoyun, ZHI Yi, LIU Ke, XING Xu, WU Liang, QIANG Wenjing, ZHOU Yunhong, XIE Jiankun *
College of life sciences, Jiangxi Normal University, Nanchang 330022, China

Abstract: Insect behavior is expected to affect the degree of damage incurred by host plants. To investigate the effects of
temperature and light wavelength on the behavior of Daphnis nerii (1..) (Lepidoptera:Sphingidae) , the watching, walking,
defecating, feeding, and resting behaviors of larvae were observed under standard laboratory conditions at five temperatures
(20°C, 25°C, 30C, 35C, and 40°C) and under LED light sources of five different wavelengths (red, 620—625 nm;
yellow, 580—585 nm; blue, 465—467 nm; green, 520—523 nm; and white, 460—465 nm). The results showed that
(1) Within each temperature condition, behaviors differed in frequency and total duration. For example, time devoted to
resting was high at all temperatures; larvae spent more than 50% of the time at rest at 20°C, 25°C, 35°C, and 40C.
However, temperature influenced the frequency and time budget allocation of all larval behaviors. Resting was the most
frequent behavior at 30°C , while watching and walking occurred more frequently than other behaviors at both higher and
lower temperatures. Defecation constituted the least-frequent behavior at all temperatures except 40°C , while feeding was the
least frequent activity at this temperature. The time budgets for watching, defecating, and resting at 30°C , for walking at
25°C , and for feeding at 20°C were lower than those of other behaviors. (2) Within each light condition, behaviors differed
in frequency and total duration. Among behaviors, defecation was allocated the least time in all light treatment conditions

and no significant differences were observed for this behavior. However, light influenced frequencies and time budget
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allocations for the remaining behaviors. Walking occurred less frequently under red, green, and white light than under
yellow and blue light. The time budget allocated to resting was highest in red and white LED light, while that for walking
was highest under green and blue light. The time budget allocations for watching and walking were lowest under white light,
while the allocation for feeding was lowest under yellow light and that for resting was lowest under blue light. The
frequencies of walking under white light, feeding under yellow light, and resting under blue light were lowest. (3) The LED
light treatments had different effects on larval behaviors in the 2-day experiment. Walking, watching, feeding, and resting
behaviors all indicated a circadian rhythm in 16L; 8D conditions. In the red light treatment, all behaviors ( except for
watching on the second day) indicated a similar circadian rhythm. In the yellow light treatment, only walking showed a
circadian pattern. Under blue and green light, none of the behaviors showed circadian patterns. These results indicate that
temperature and light conditions have distinct effects on the behavior of D. nerii larvae. This information can serve as a
resource for developing methods to predict the amount of harm incurred by host plants under different environmental

conditions.
Key Words: Daphnis nerii; behavior; temperature; light emitting diode (LED)
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Table 1 Frequency of various behaviors of Daphnis nerii larvae under different temperatures

5 1% Temperature /°C
(e e e ANOVA
Behaviors 20 25 30 35 40
B Watching 42.76+4.68aA  29.55£3.66aB  12.22+1.95cC  31.18+5.35bB  27.48+3.93aB  F =43.059, df=4, 25, P<0.05
€47 Walking 43.00+5.04aA  22.33+5.76bC  18.26£6.29hC  41.32+4.90aA  32.38+6.38aB F =22.504, df=4, 25, P<0.05
HEfHF Defecating 1.80+1.98¢C  10.27+7.12cAB  9.31+4.54cAB  7.39+3.50cBC 13.17£3.51bcA F =5.396, df=4, 25, P<0.05
HUE Feeding 2.90+£1.43cD  18.02+6.06bB  23.26+5.35bA  7.70+3.16cCD  10.30+2.89¢C  F =23.303, df=4, 25, P<0.05
KB Resting 9.54+3.31bD  19.83+4.58bB  36.94+5.18aA 12.41+3.21¢cCD 16.66+3.16bBC F =43.756, df=4, 25, P<0.05

F=207.861, F =9.449, F =29.839, F =83.486, F =31.191,
ANOVA df=4, 25, df=4, 25, df=4, 25, df=4, 25, df=4, 25,

P<0.05 P<0.05 P< 0.05 P<0.05 P<0.05
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Table 2 Time budget of various behaviors of Daphnis nerii larvae under different temperatures
3 IR Temperature/C
ghﬁaviors 25 - 3po 35 40 ANOVA
B EH Watching 13.97+5.19bA  1.57£0.29¢C  7.02+2.60cB  13.32+2.60bA F =23.899, df=4, 25, P<0.05
€47 Walking 19.63+3.28bBC  4.47+1.67¢D  21.69+3.59bAB 25.63+5.33bA  15.63+3.22bC  F =30.069, df=4, 25, P<0.05
HEfE Defecating 2.08+1.26¢C  0.57+0.21cD  5.99x+0.66cA  3.69x1.36¢B  F =34.780, df=4, 25, P<0.05
HUE Feeding 13.02+3.04bB  36.91+£6.38aA  11.10+4.33cB  15.54+3.83bB  F =58.859, df=4, 25, P<0.05
R B, Resting 66.47+4.65aA  39.27+4.01aC  50.25+6.11aB  51.82x4.12aC  F =29.735, df=4, 25, P<0.05
F =338.496, F =148.070, F =113.750, F =201.724,
ANOVA df=4, 25, df=4, 25, df=4, 25, df=4, 25,
P< 0.05 P<0.05 P<0.05 P<0.05
F3 AEIKE LED LR TR R4 R AR ITH R EHE
Table 3  Frequency of various behaviors of Daphnis nerii larvae under different LED light sources
3 LED JGi LED sources
ghjiviors # Yellow W)L Blue £ Green H6 White ANOVA
¢ Watching 35.52+9.59aA  38.47+5.72bA  37.47+9.52bA  35.60+4.64aA  38.38+8.39aA F =0.205, df=4, 25, P> 0.05
€4 Walking 23.20+18.27bB  44.19+£4.99aA  47.67+£5.27aA  15.30+6.35¢B  11.55+4.06dB F =18.664, df=4, 25, P< 0.05
HEf# Defecating 4.44+1.75dA  4.14£2.20dA  3.60£2.40dA  6.02+2.20dA  7.41+3.49eA F =2.387, df=4, 25, P> 0.05
BUE Feeding 14.99£12.85cAB  5.55+6.23dB  8.77+11.01cB  28.38+10.59bA 23.71x11.76bA F =4.885, df=4, 25, P< 0.05
{K B Resting 21.85+13.82bA  7.66+4.05¢cBC  2.48+2.47dEC 14.70+1.70cAB 18.95+4.81cA F =8.011, df=4, 25, P< 0.05
F =4.988, F =98.118, F =52.889, F =23.061, F =16.792,
ANOVA df=4, 25, df=4, 25, df=4, 25, df=4, 25, df=4, 25,
P< 0.05 P <0.05 P<0.05 P <0.05 P <0.05
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Table 4 Time budget of various behaviors of Daphnis nerii larvae under different LED light sources

47/ Behaviors

LED JGE LED sources
215% Red T Yellow 56 Blue 2§t Green 15t White

ANOVA

22 Watching
Jl€4F Walking
HEAE Defecating
B Feeding
K8 Resting

ANOVA

28.13+17.81aA 26.66+12.41aA 20.14+4.30bAB 18.46+9.45hAB 8.48+7.15¢B
16.92+14.25abC 41.69+17.24aB 63.87+15.19aA  3.90+2.81cC 3.15+3.80cC F =27.606, df=4, 25, P< 0.05

1.66+1.33bA 1.23+1.32cA 1.77+£1.40cA  2.26+1.77cA  2.66+1.67cA F =0.807, df=4, 25, P>0.05
19.82+12.76abBC ~ 6.14£8.23cD  12.07+9.70bcCD 39.37+6.42aA 30.48+12.89bAB  F =10.262, df=4, 25, P< 0.05
33.46+22.15aB 24.29+12.82bB  2.17+2.05¢cC  36.02+7.10aB 55.24+18.59aA  F =10.603, df=4, 25, P< 0.05

F =2914, df=4, 25, P< 0.05

F=3.748, F =11.805, F =56.576, F =47.208, F =26.753,
df=4, 25, df=4, 25, df=4, 25, df=4, 25, df=4, 25,
P < 0.05 P< 0.05 P<0.05 P< 0.05 P <0.05
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Table 5 Frequency of different behaviors under different light conditions

B} J& Circadian time

1Tk HHR pre— e
. . - %5 1 K First day 25 2 K Second day ANOVA
Behavior Light conditions
722 23-6 722 23-6
. F =83.220, df=3, 8,
1847 Walking 16L:8D 13.33+1.82aA 1.94+0.64bcB 14.16+0.72bA 1.94+1.58¢B o0 s 4
F =185.482, df=3, 8
16L.8R 9.72+0.87hB 0.28+0.24cD 17.081.50bA 2.50£0.83beC o, O =3, 8,
16L.:8Y 15.28+1.27aB 2.22+0.87heC 21.39+3.96aA 3.75+1.10bC F=52971, df=3, 8,
P<0.05
F=6.909, df=3, 8
16L:8B 7.78+1.74bAB 9.45+1.69aA 9.72+0.24cA 5.69+0.24aB 009, df=3, 8,
P<0.05
F =334 =
161.:8G 8.47+0.24bA 3.20+1.34abC 8.47+0.64cA 5.69+0.24aB e 03035 30, df=3, 8,
F =18.063, F=31.938, F =22.360, F=10.186,
ANOVA df =4, 10, df =4, 10, df =4, 10, df =4, 10,
P<0.05 P<0.05 P<0.05 P<0.05
F =58.750, df=
[#¢ 22 Watching 16L:8D 14.17+2.73aB 1.94+0.24bcC 18.19+2.51aA 1.25+1.10c¢C P<05§5 50, /=3, 8,
F =152.918, df=3, 8
16L:8R 12.36+1.27abA 0.28+0.24¢C 12.64+0.96¢A 542004208 0T =3, 8,
F =48.720, df=3, 8
161.:8Y 15.69+0.24aA 3.75+1.67hC 16.25:1.10abA 9.86+2.09aB - =3, 8,
P<0.05
F =57.856, df=3, 8
161.:8B 9.31+0.64bB 2.08+1.44heC 13.47+0.24beA 9.17+1.44aB oo /=3, 8,
16L.8G 13.34+3.15aA 7.08+1.50aB 13.61+2.05bcA 50004208 | - 13:879,d/=3, 8,
P<0.05
F =4.391, F =13.758, F=6.3217, F =22.756,
ANOVA df =4, 10, df =4, 10, df =4, 10, df =4, 10,
P<0.05 P<0.05 P<0.05 P<0.05
A F =44316, df=3, 8
BUE Feeding 16L:8D 7.78+1.74bA 1.11£0.24cB 10.00+1.67cA 055:0.48d8 "0 /=3, 8,
16L.:8R 12.22+1.05aA 0.28+0.24¢C 11.39:£0.48bcA 8.33:1.10aB F=136.918, df=3, 8,
P<0.05
16L.:8Y 9.31+1.58abA 3.75+0.83bB 9.30+2.64cA 7.22+0.24aA F=8.038, df=3, 8,
P<0.05
F =187.430, df=3, 8
16L:8B 11.81+0.96aB 3.61+0.24hC 15.83+0.72aA 3.47+0.96¢C - =3, 8,
P<0.05
F =18.474, df=
16L.:8G 11.11£2.51aB 8.61+0.86aB 14.03+1.05abA 5.14+1.05bC 8474, df=3, 8,
P<0.05
F =3.755, F =98.256, F=9.799, F =40.721,
ANOVA df =4, 10, df =4, 10, df =4, 10, df =4, 10,
P<0.05 P<0.05 P<0.05 P<0.05
F =8.581, df=3, 8
A B, Resting 161.:8D 31.39+3.13bA 28.330.84bA 24.311.46cdB 20.58£0.00aA |, =3, 8,
16L:8R 32.3620.64bA 32.50+0.42aA 25.55+0.87heB 17.08+0.42bC ?;}40252'802’ =3, 8,
161.:8Y 26.39+0.48¢A 23.611.58¢A 19.72+2.84dB 1250s1.10dc | 236:338, d7=3.8,
P<0.05
F =148.914, df=
161.:8B 37.78+2.77aA 18.20+0.48dC 27.64+0.24abB 15.0050.72D 058 o14, df=3, 8,
16L.8G 33.75:0.83bA 14.44+1.27¢D 30.55+1.68aB 17.50:0720c | = 191.965, df=3.8,

P<0.05

http ; //www.ecologica.cn



i J& Circadian time

i eI

%5 1 K First day

5 2 K Second day

ANOVA

Behavior Light conditions

7-22

23-6 7-22

ANOVA

F =13.534,
df =4, 10,
P<0.05

F =154.266,
df =4, 10,

P<0.05 P<0.05

F =17.598,
df =4, 10,

F =268.607,
df =4, 10,

2.6 SR N ERCTHE

J@AT B EE R FIR BATNTEARTE LED SGUEF B vk ank 5 ME 1—4 s,

5.00
450
4.00
3.50 -
3.00
250 -
2.00 ~
1.50 |
1.00 |-
0.50

0

| ERpE S
Frequency of walking/%

9.00
8.00 -
7.00 |
6.00 -
5.00
4.00 ~
3.00 |
2.00 |
1.00

| ERpE S
Frequency of walking/%

9.00
8.00 -
7.00 -
6.00 -
5.00
4.00 |
3.00
2.00 H
1.00 {

| ERpE S
Frequency of walking/%

8.00
7.00 |
6.00
5.00
4.00
3.00
2.00
1.00

ERpE
Frequency of walking/%

4.00
3.50 |
3.00 |
250 -
2.00 |
1.50 {
1.00 {
0.50 H

| CERpE S
Frequency of walking/%

16h

16h

15
16h

16h

Fig.1
EIf R LD B WSRO AR I S 21 8 W ANEk 5 LED o6

8h

23 7
8h

23 7
8h

23 7
JB- 1% 5] Circadian time/h

1 [efTITATE

Circadian rhythm of walking of Daphnis nerii larvae

http ; //www.ecologica.cn

16h

15
16h

15
16h

8h

[ 5]
Iw

E




20 WNZ d REERT LED SEUERE AT R i 4l H AT (5 7
€F747M7E 16L:8 D16 L:8 R M1 16L.:8 Y YERESA: F HA SR AN, 7658 1 Fn2E 2 Kp et A e 1

7 0 R AR e T I S A 5 T DGR 2GR I AR AT ATy K LR R IR e (I 1) o BRRERAT M AE 16L:8D I

16L:8R JEIR A T AT BB R, Hoflh 3 FOLIRALBE R 35 E A BT (14 2)

8.00 16h 8h 16h
7.00
6.00 |-
5.00 -
4.00 |-
3.00 -
2.00
1.00
0
7 15 23 7 15
I TR 16h

7.00
6.00
5.00
4.00
3.00

8h

23
T

16h
1.00
gl dddl s e
7 15 23 7 15

16h 16h

7.00

i LTI

Frequency of watching/%

5.00 16h [ 8h | 16h
4.00
3.00 5
2.00
1.00
0
7 15 23 7 15

JE-#E ] Circadian time/h

B2 BETANR
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Fig.3 Circadian rhythm of feeding of Daphnis nerii larvae
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Fig.4 Circadian rhythm of resting of Daphnis nerii larvae
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