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Geographic variation in developmental duration of the Asian corn borer, Ostrinia

Jurnacalis ( Guenée) (Lepidoptera: Crambidae) in China

TU Xiaoyun"?, XIA Qinwen®, CHEN Chao’, HE Haimin®, XUE Fangsen® "
1 College of Life Sciences, Jiangxi Normal University, Nanchang 330022, China

2 Institute of Entomology, Jiangxi Agriculture University, Nanchang 330045, China

Abstract: Insect species with broad geographic distributions can phenologically adjust their life cycles to adapt to different
habitats, for example by altering their growth, development, and reproduction periods to better match their emergence times
with local conditions, such as food availability, optimum temperature, rainfall, etc.). These adjustments are very important
for such widespread species to be able to reproduce in different habitats. The Asian corn borer, Ostrinia furnacalis
(Guenée) (Lepidoptera; Crambidae) is a major pest insect of Zea mays L., that poses a serious economic threat to corn
production in China. Its distribution ranges from north to south in China, through Southeast Asia, and into Australia, and
the pest has recently been found in isolated regions of the United States. Because of its wide distribution, the Asian corn
borer encounters great variation in climatic conditions across its range and exhibits considerable diversity in its life-history

parameters among geographic populations. Populations differ distinctly in voltinism, critical photoperiod, post-diapause
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emergence time, body size, fecundity, and cold hardiness. However, little is known about whether the developmental
duration of O. furnacalis populations varies with geographic origin. In the present study, we systematically investigated the
developmental duration of the egg, larval, and pupal phases at five different temperatures (20, 22, 25, 28 and 31°C)
using insects collected from five different populations of the Asian corn borer. Each population inhabited a different latitude ;
Yangshuo, Guangxi ( YS, 24.8°N, 110.5°E) ; Nanchang, Jiangxi (NC, 28.8°N, 115.9°E) ; Taian, Shandong ( TA,
36.2°N, 117.1°E) ; Langfang, Hebei (LF, 39.5°N, 116.7°E) and Haerbin, Heilongjiang (HEB, 44.9°N, 127.2°E).
Although at any given temperature the duration of the egg phase did not differ significantly among populations, the length of
this phase increased slightly from south to north at 20, 22, and 25°C and had a highly significant positive correlation with
the latitudinal origin of the populations at these three temperatures. However, the egg phase lasted about the same amount of
time in all populations at 28°C , with no significant correlation to latitudinal origin. The duration of the larval phase was not
significantly different among the five populations at 31°C , but it differed significantly at 20, 22, 25, and 28°C. The larval-
phase duration had a significant positive correlation with the latitudinal origin of the populations at 22, 25, and 28C.
However, these two parameters were negatively correlated at 20 and 31°C. The duration of the larval phase varied little with
temperature in the HEB population, but it decreased significantly as temperature increased in the YS, NC, TA, and LF
populations. The developmental durations of female pupae at 20°C , male pupae at 28°C , and all pupae at 31°C did not
differ significantly among populations, but all other pupal categories had significantly different durations among the five
populations. The pupal-phase duration had a positive relationship with the latitudinal origin of the population at any given
temperature. These results indicate that a single widespread species of insect may adapt to varying environmental conditions
across its geographic range by altering the developmental duration of its life-history stages in different ways in each

population.

Key Words: Osirinia furnacalis; geographic variation; developmental duration; egg; larva; pupa
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Table 1 Collecting data of Ostrinia furnacalis

FREACHD RAE iREE(°) 2 (°) KA ]
Population code Collecting location Latitude Longitude Collecting date

YS JTPE B 24.8 110.5 2010-07

NC VLVE R A 28.8 115.9 2010-07

TA INZR 284 36.2 117.1 2010-07

LF pala 82 39.5 116.7 2010-07

HEB I R 44.9 127.2 2010-06
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FHIBIEAURIE . B0 AL R] IR BE 5 8 20 .22 .25 1 28°C , YGRSk L16:D8, HF e e i) 5P He ki
ALF 104,
1.3 4 HORn & & D 5 0
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Table 2 Egg duration in different geographic populations of Ostrinia furnacalis

) (E1),

L

Temperature/ C

Y Egg duration/d

YS

NC

TA

LF

HEB

20
22
25
28

6.80+0.42(10)a
5.64£0.50(11)a
5.13+0.34(16)a
4.00£0.00(20) a

7.000.00( 10) a
5.82+0.40(11)a
5.08+0.29(12)a
4.00+0.00(11)a

7.08+0.29(12)a
5.85+£0.38(13)a
5.27+0.46(15)a
4.07+£0.27(14)a

7.17£0.39(12)a
5.93+0.27(14)a
5.25+0.45(12)a
4.00+.00(11)a

7.20+£0.42(10)a
6.09+0.30(11)a
5.43+0.51(14)a
4.08+0.28(13)a

5 O AR AR SR B AR 22, TR — AT HlR 5 A R) P RE 7R 22 57 .35 ( Duncan ZE HLEL, P < 0.05)

20°C 22°C

R*=0.8989 P<0.01

.
Tr // 6
. /
y=0.0188x + 6.3957 y=0.0196x + 5.181

R? =0.9263 P<0.01

PR Duration of egg/d

y=0.0156x +4.6874
R*=0.8616 P<0.01
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y=20.0031x +3.9217
R*=0.4147 P>0.05
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Fig.1 Geographic variation in duration of egg of Ostrinia furnacalis
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4. F=7.834, df=4, 220, P<0.05; 4. F=3.490, df=4, 137, P<0.01;7F 22°C F#i4hd . F=52.275,
df=4, 227, P<0.05; M4 B . F=34. 415, df=4, 178, P<0.05; 7E 25°C FMi4hdt.F=89.539, df=4, 352, P<
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Table 3 Duration of larvae in different geographic populations of Ostrinia furnacalis
T P 4yt 4] Duration of larvae/d
Temperature/ “C Sex YS NC TA LF HEB
20 e @ 47.93+7.79a(91)  42.68+2.52b(31)  42.02+2.72b(43)  43.10+9.50b(48) 43.50+6.63b(12)
e & 48.25+6.10a(56)  45.71+7.32ab(17) 44.03+3.55b(33)  44.27+5.80ab(26) 47.40+9.54ab( 10)
22 e @ 28.39+4.09 a (85) 35.10+3.80c¢(50) 38.28+5.53d(54)  32.29+5.59 b (28)  40.87x4.16e(15)
e & 28.94+3.36a(49)  37.03+4.33¢(30) 38.49+5.45¢(51) 33.86+6.14h(36) 41.76+5.39d(17)
25 e @ 22.47+£3.97a(89)  24.26+4.38ab(81) 25.02+4.22b(61)  22.80+3.94a(88) 39.45+£9.67¢(38)
I & 24.60+4.43a(25)  23.39:x4.08ab(101) 24.25+4.46a(64) 21.67+3.77h(67) 38.72+£7.95¢(29)
28 e @ 22.75+£4.50a(142) 23.80+4.86a(65) 24.19+4.33a(69) 23.48+3.10a(85) 28.42+4.27h(26)
I & 22.30+4.12a(27)  23.39+4.69a(44) 24.28+4.52a(54) 22.63+4.34a(76) 27.96+5.00b(24)
31 e @ 25.22+£5.28a(81)  25.46+5.09a(63) 25.61+4.60a(51) 24.82+4.88a(51) 25.77+6.26a(77)
e & 25.11+4.70a(47)  24.29+5.25a(56) 24.45+4.64a(53) 23.78+5.35a(40) 25.04+7.17a(68)

2.3 N[E]HBEERREE Y YN KR A5 & D 0 b AR

AN 7] M RPN (RIS TS I L3R 4, R 4 AT, 78 20°C T, A [ Mt B Re o g 0 2 S A il 5 e o A0
£ R HAEAE EIBEiaE K (MENG. F=0.405, df=4, 214, P > 0.05; 0. F=4.630, df=4, 135, P<
0.05), fE22 F125°C F, MEMENRI 22 5 0 % (F£ 22°C 7. Ml F=64.423, df=4, 221, P<0.05; il F=
37.131, df=4, 178, P<0.05;7E 25°C . Milf F=2.556, df=4, 341, P<0.05; W, F=2.977, df=4, 276,
P<0.05) . 7F 28 Fl1 31°C T, i 28°C Ml Hu i 199 2 S5 0 25 A1, JH Aty e e i 401 2 S YR W38 (A 28°C T e . F =
3.567, df=4, 321, P<0.05; 1l . F=2.283, df=4, 194, P>0.05;1E 31°C Nl . F=2.152, df=4, 275, P>
0.05; il . F=0.983, df=4, 242, P>0.05) . & 3 FW], i 05 HA B 026 B A7 AE IEAH DG OE R

R4 E IR A M R AR A

Table 4 Duration of pupa in different geographic populations of Ostrinia furnacalis

L PER 1f#H Duration of pupa/d
Temperature/°C Sex YS NC TA LF HEB
20 I @ 14.14+1.11a(88) 14.06+1.06a(31) 14.14+1.10a(43) 14.22+0.93a(45) 14.50+1.45a(12)
i & 14.15+1.22a(54) 14.12+0.99a(17) 14.21+0.96a(33) 14.92+0.84b(26) 15.30+1.16b(10)
22 e @ 8.56+1.01a(85) 10.31+0.60b(45)  10.52+0.69bc(54)  10.23+1.14b(26) 10.88+0.62¢(16)
i & 8.94+1.16a(49) 10.33+0.55bc(30)  10.58+0.75¢(51) 10.03+0.97b(36) 11.65+0.79d(17)
25 I @ 7.31+0.78a(87) 7.74+1.17b(80) 7.79+1.11b(61) 7.63+1.36ab(81) 7.84+1.17b(37)
i) 7.16£1.03a(25) 7.70£1.10bc(99)  7.64:£1.04b(64) 7.77£1.09bc (64) 8.17+1.23¢(29)
28 I @ 6.92+0.83ab(112)  7.20+0.77bc(56)  7.22+0.86bc(69)  6.79+1.17a(63) 7.35+0.75¢(26)
s 6.83+0.70a(24) 6.72+0.79a(39) 6.94£0.88a(54) 6.88+1.13a(58) 7.42+0.88a(24)
31 I @ 5.81+0.73a(74) 5.63+0.67a(57) 5.80+0.80a(51) 5.69+0.78a(48) 6.04+0.88a(50)
I & 5.75+0.78a(40) 5.72+0.83a(50) 5.75£0.90a(53) 5.83+0.77a(36) 5.99+0.87a(68)
3 g

TR B 2% 5K Danilevskii BT IRIRIE 72k H 3 AR HBERFPHE (755 K 43°N, DR HLAE 500N F151)
THE ) 60°N ) ZLEN L7k 1k Acronycta rumicis Wi & B R B LE R TR RS A o BETIHY Honsk ZH7
Tk B AT RTEAT L IX 335 Al HUL TR TR R OB Y L SRR, O 4h ORI G & R
ST R Y B BRSOk = Rl B R AR 5 1T % HRUAS TR R 1A OB A B, TS e ey, 3
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Fig.2 Geographic variation in duration of larvae of Ostrinia furnacalis
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Fig.3 Geographic variation in duration of pupa of Ostrinia furnacalis
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