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A life-history trait of the Asian corn borer, Ostrinia furnacalis
( Lepidoptera. Pyralidae) — positive correlation between body weight and

temperature
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Abstract: [ Aim] Temperature is the most important environmental factor for ectotherms and affects all
aspects of life-history traits. This study aims to understand how life-history traits vary with temperature in
the Asian corn borer, Ostrinia furnacalis. [ Methods] The developmental duration from egg hatching to
pupation and from pupation to adult eclosion, and the pupal and adult weight were examined in the
Nanchang population of 0. furnacalis at 20, 22, 24, 26, 28, 30 and 32°C under a photoperiod of 16L:
8D in the laboratory. [ Results] The larval and pupal duration and total developmental duration of O.
Sfurnacalis were significantly decreased with the increasing of rearing temperature. The larval duration and
total developmental duration were significantly shorter in males than in females, showing the protandry

phenomenon. The growth rate was positively correlated with temperature. The growth rates of females
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were significantly lower than those of males at low temperatures but significantly higher than those of
males at high temperatures. The relationship between body weight and rearing temperature in O.
Sfurnacalis did not follow the temperature-size rule, and both males and females gained heavier body
weight at high temperature. Females were significantly larger in size than males at all temperatures,
showing a female biased sex size dimorphism (SSD). Contrary to Rensch’ s rule, the SSD index and
body weight of O. furnacalis tended to increase with rising temperature. Male pupae lost significantly
more weight at metamorphosis compared to females, resulting in higher SSD index in adults than in
pupae. [ Conclusion] High temperature not only significantly shortens developmental duration, but also
results in heavier body weight at maturity in O. furnacalis. There are significant differences in life-history
traits between females and males of O. furnacalis.
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BN T SO - AR/ NEE I (Atkinson, 1994) . 4]
, 21 8 N B H Entomoscelis americana 7£ 10 ~
32. SC YT I P, Ml g He - 257 A o 4 i 2 18 T v
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1.2 AYF4S e
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WESHIREA KL MER Ty 106 ~ 231 Sk, B de o 121 ~
245 3 BRI R PRI Y B HURE A B E R
40 ~58 3k, M Sy 50 ~71 ko
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AR AR A e A KR = In Bf F/4)
B3] (Gotthard et al., 1994) i il i H i) fr) 26 5 L
W LE =1 - (R F/IHE) (Gotthard et
al., 1994) o PR — AP H8 E TR D7 k. SSD
FER = (PR AL R A A A A B/ P AR BN A A A
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S B4R R F SPSS 17. 0 (IBM, www. ibm.
com) BAFHEAT 43 Mo 38 ] — MR PR B 43 A i 3
TP 08 2B 3 SRR A SR o JIRJRE [R) A T s R 2
S5 R A one-way ANOVA 1 Duncan (G £ L3R
Ry, A ) A 9 SRR R 22 S LU BOCR S S AR T
Ko, 4l HOMUE Y & 5 30 AR 4 o A 2k
He 5 BE R R P 22 R H Linear-regression 43T .
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2.1 AEBETEMEKEHELEHHENER

AR B e TR AR S T oK
WS 4y Ho Ry S0 + W 0 DD 0 (EL G A
ZENEREE x A EAER B (R 1) . E 1 AT
DU SN K M e R S 4 i 2 B 04
KB DA )+ 0 0 Y R R A T e S A
(MEL L, o, 0 = 402. 885, P <0.05; 4l .
Fg iy = 452. 827, P < 0. 05; WEWH: Fo, =
2570.295, P <0.05; MEMf: Fy 3, =2 957.916,
P<0.05; M EHIM: MHR, F,, . =618. 853,
P<0.05; MM Fy 1y, =772.312, P <0.05), iR
TR ] R R A DG (MES L y =94, 490 -
2.467x, R* =0.656, P <0.05; M4l y=81.131 -
2.071x, R* =0.662, P <0.05; Hilifi. y =26.874 -
0.697x, R* =0.845, P <0.05; ffiif. y =27.403 —
0.706x, R* =0.845, P <0.05; M EHF I M.,
y=121.367 -3.164x, R*=0.738; P <0.05; K ;
y=108.534 —=2.777x, R* =0.756, P <0.05) ., fft
HOPEAS TR EE T (9 &)y B & D7 30 Jb 3 T R 5
Fifr 22 S 76 AR IR F o B & (20°C: ¢ = 3. 856, df =
402.599, P <0.05; 22°C; t =5.367, df =286.802,
P<0.05;24°C; 1=6.058, df =186.208, P <0.05;
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26°C . t=4.774, df=255.962, P <0.05; 28C : t =
5.984, df =436. 195, P <0.05; 30°C: ¢t =3.099,
df =440, P<0.05; 32°C: t =6.519, df =368, P <
0.05) . MEMEREIIG T 7E 22°C %A BELERIN 1 =
1.754, df =315, P >0.05) , H Aty il 22 T M1 i 15 dl
20 T PR A (20°C ;. ¢ =4. 397, df =409, P <
0.05; 24°C: ¢t =2.037, df =225, P <0.05; 26%C :
t=4.913, df =300, P <0.05; 28°C: ¢ = 5. 254,
df=461.564, P <0.05; 30C: t = 3. 475, df =

419.912, P <0.05; 32°C: t =634, df = 365. 615,
P <0.05) PSR + SN A9 & B I IITE A 1)
R T YR ZFHRK TN (200C: ¢ =3.292, df =
401.858, P<0.05; 22°C: t =4.941, df =288.242,
P<0.05; 24°C; t =5.626, df =183.082, P <0.05;
26°C: t =4.081, df=252.044, P<0.05; 28°C; ¢ =
5.019, df =437. 166, P <0.05; 30°C. ¢ =2. 184,
df=440, P<0.05; 32°C. 1 =5.266, df =368, P <
0.05).

®1 BEEBETFREMER) XM EKEL R AHH 4 BE + 1F 8 IEER A KERZ I — R & EEB S

Table 1 Linear model analysis of fixed factors (temperature and sex) on larval duration, pupal duration, larval plus

pupal duration, pupal weight and growth rate in Ostrinia furnacalis in relation to temperature and sex

A S A I# % A ¥ H B FAH PA{H
Life-history traits Fixed factors d. f. F value P value
4 i1 Larval duration 1R Temperature 6 849.571 < 0.001
5] Sex 1 142.028 <0.001
TR x 5] Temperature x Sex 6 8.215 <0.001
IR Temperature 6 5 512.642 <0.001
i Pupal duration P51 Sex 1 76.942 <0.001
TR x P51 Temperature x Sex 6 1.655 0.128
1R Temperature 6 1 369.509 <0.001
gl di ) + i) Larval plus pupal duration P51 Sex 1 109. 008 <0.001
TR x P45l Temperature x Sex 6 7.438 <0.001
L Temperature 6 72.902 <0.001
i B Pupal weight PES] Sex 1 2 057.252 <0.001
TR x 4 5l Temperature x Sex 6 20.298 <0.001
IR Temperature 6 1 503. 186 <0.001
H: K 3#E R Growth rate P51 Sex 1 2.247 0.134
TR x P51 Temperature x Sex 6 5.471 <0.001

2.2 AR E TN F SRR i A 0 B A0 A K &R

T B AR S B AT B S e YN oK
ML IR BRI > P ) S R e T A R
A K HCRE A Z 2R B EEm (R 1) . WA
2 T LAFE Y e ) o o O R e TG R A B
s G (MMM . Fy 00 =50.595, P <0.05; Kl
Fg, 34 =24.246, P <0.05), B/~ TS 5EE 2
WEAEE (HEST: v =46.078 +1.957x, R* =0. 167,
P<0.05; . y =55.873 +0.545x, R* =0. 045,
P <0.05) . fl4n, 7E 20°C i}, i w5 4y 89.33 £1.17
mg , HfESH A 67. 84 £0. 71 mg; 7E 32°C i, i i &
] 107,15 £ 1. 12 mg, HEEFE G F] 71. 49 £0. 71
mg, AR B T 0 R (MEYE: Fy 0 =
702.004, P <0.05; Mt Fy,5, =807.142, P <
0.05) , /R T KEHEFGIRE R IEAC(HER: y=
0.014x - 0. 190, R* =0.756, P <0.05; M.y =

0.013x -0.158, R* =0.775, P <0.05) . 50,
HAERK HOR M 20C R 0. 10 B FH 5] 30C F 1Y
0. 27 ; M L 20°C R 19 0. 11 T+ 30°C 119 0. 26,
P O 5 PP B T S 3 v T M M R (20°C
t=5.768, df =334.601, P <0.05; 22°C: ¢ =
10.996, df=221.354, P <0.05; 24°C; t =9. 305,
df =150.918, P <0.05; 26°C; ¢t = 14. 091, df =
202.988, P < 0. 05; 28°C; ¢ = 22. 001, df =
350.365, P < 0. 05; 30°C: ¢ = 24. 541, df =
314.423, P < 0. 05; 32°C: t = 26. 956, df =
305. 873, P<0.05), MM KR 7E 22 F1 24°C
B S I T PR (22°C ;¢ =2. 734, df =290. 025,
P<0.05; 24°C: ¢ = 3. 180, df = 190. 785, P <
0.05) ,fH7E 30 F1 32°C I} i 2 5 T HEE (30°C : ¢ =
2.752, df =440, P <0.05; 32°C; 1 =2. 118, df =
368, P<0.05) .
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Gy 2.3 REIRETIEME ISR Rk Sk ELL
. SRR 9 010 A S R T 9 K
5 P NS SPS CAE NP NCER P
=L I, o8 T L B 88 5K (s = 11,704,
SE ] P<0.05), 575 T Mt i o 5 3 18 5 0 A G (y =
20- 38.983 +0.988x,R2=O.111, P <0.05), $R, ME

S HR A A A5 L B R AR L, B A Ak B i 2 KO
(Fg,40=1.701, P>0.05) , /R T MR E SR E
BEAG A (y =38.718 =0.109x, R* =0.008, P >
0.05) ., MEI3 &F]LIE i, HEPE I K& & 2 R %
I B A FE L B IR B B T R (N 20°C R Y
47.9% KH L F T 52.4% ) iR BN W E KV (Fo o =
14.170, P <0.05) , /5 7 MEVER I 5 iRE 2 1F
M (y =39.397 +0.414x, R* =0.160, P <0.05),
0 2 24 26 28 30 32 SR, S HEPE 45 A —FF , EVERY R 5 L S IR IR
B KE (y =44. 211 = 0. 214x, R =0.039, P >
0.05) . TEFTAIREE T, MR K& L B 3 KT
H(20°C: t=11.062, df =188, P<0.05; 22°C ; ¢ =
13.231, df =126, P<0.05; 24°C; t =11.771, df =
97, P <0.05; 26°C; t =18.928, df =103, P <
0.05; 28°C: 1 =16.303, df =118, P <0.05; 30C ;
t=17.255, df =104, P <0.05; 32°C; ¢ =20. 192,

()
Pupal duration
S

[>2]
)

@]

4y U+ 15 4 ()

Larval plus pupal duration

20 22 24 26 28 30 32

R Temperature (°C) df=80.088, P <0.05),
2.4 BEXP I — BRI SN
LR REIE TRt (A) B REEHE=LIENBIE o
BB HI(C) 1B &l 4 @R 1 EUH K IR R R AN [ T
Fig. 1 Eff(.fct of temperature on larval (A) and pu.pal (B) ) SSD 85028 . 45 - FE 0, g Al B2 i) SSD 38
o s al s el s () i SOBAE T K, 069 SSD Fcfe 20°

SR LB 1 R A8 HE 1 106 ~ 231 3, i th g 121 ~ 245 A A 0. 32,28 °C i3 K %] 0. 50 ; 1 AL ¥ SSD $8 K0 #E

Seo WAL SE; REFAMBZMEEREEF UL T 20901 0. 61 ,32°C M5 0.92. ME 4 i F
B, P<0.05), n=106-231 for females and 121 — 245 for males at ’ °

each temperature. Error bars indicate SE. The asterisk means II:EI s mﬁ E@ SSD ?lﬁf‘ﬁ Eyq E/ﬂi& ?:bk—q:i , iiﬁ‘ %ﬁd’z‘l’:% EE R

significant difference between sexes (T test, P <0.05). i’ﬁiﬁ?’f/ﬁj‘.} LJF‘ ttﬂf&ﬂ% %‘95 T‘Egﬁgiﬁﬁiﬁ
AN o
A :Zg. —-— Q B 0505 —-— Q .
1 —0— 4 —-o— 4
1101 H\/E_\D 0.25 5
=% 100 L E £
i L0 £ E 020
&Eﬂ/ e 901 j * :* . ‘%}_ .5)
E g0l oo B 5 0151 5
B o o ‘ . y _\_j. ()
701 : T 0107
60 A
50 = T . T T T T 0.05 = T T T . r ;
20 22 24 26 28 30 32 20 22 24 26 28 30 32
#5JZ Temperature (°C) 1R Temperature (°C)

B2 IR M K SR 8 (A) Fngl AR KA (B) 19 52
Fig. 2 Effect of temperature on pupal weight (A) and larval growth rate (B) in Ostrinia furnacalis
RFEL IR SE; B 5 FORMEME 2 (87716 B E 255 (Pl Sy T K5, P <0.05) o 45-Fhili i L pO RS 25 i o 106 ~231 3k ity 121 - 245 3k
Error bars indicate SE. The asterisk means significant difference between sexes (T test, P <0.05). n =106 —231 for females, and 121 —245 for males

at each temperature.
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Table 2 Results from a linear model analysis of fixed factors (temperature and sex) on adult weight and
weight loss rate in Ostrinia furnacalis in relation to temperature and sex
A S Ié 5 K5 i FAH P1{H
Life-history traits Fixed factors d. f. F value P value
JHE Adult weight 1 Temperature 6 11.217 <0.001
P51 Sex 1 2 440.993 <0.001
WEEE x M5 Temperature x Sex 6 13.193 <0.001
43 F Lt Proportionate weight loss 1R Temperature 6 2.398 <0.001
P Sex 1 1596.214 <0.001
TR x 51 Temperature x Sex 6 13.756 <0.001
A 90 -0 B 90; -9
801 —— 4 80 1 —— 4
= 0] 2704
HZ 50{% . ow o T HE 00, o et %
B L iKé—“ wle & L4 w
301 301
20— 20

20 22 24 2 28 30 32
{5 Temperature (°C)

K 3

20 2 24 26 28 30 3
1R Temperature (°C)

i T I P KA U PARCEE (A) FZR EEE (B) YR

Fig. 3 Effect of temperature on adult weight (A) and weight loss rate (B) in Ostrinia furnacalis
RZELRFIR SE; BT RN MEMEZ A AE 0 38 22 5 (A7 TR S, P <0.05) o B i BEUL S AU RE A B0 ME LR 40 ~ 58 Sk, il oy 50 ~ 71 3k,

Error bars indicate SE. The asterisk means significant difference between sexes (T test, P <0.05). n =40 —58 for females and 50 —71 for males at each

temperature.
21
! —=— Iifi Pupa
1.0 —o— AL Adult
2
£ g 08
7.l
2 H\./-/J
X 0.4 1
Eul
0.2 1
oobpQ o
20 22 24 26 28 30 32
{5 Temperature (C)
L4 B KA PR — T

Fig. 4 Effect of temperature on sexual size dimorphism

in Ostrinia furnacalis

3 it

ASHITFE S BT S0 T R MR A L 22 ] 4 5
FAR T IEASE, RV E iR AR 2 40 R 1 £ oK
R T D, R e T A AR R AR b
TR B v 7 A A T 5 R B SRR G B O &
TESE Y FKIE I AL . il S BUA TS R

T AR I ) A e ) AR R AR ) R
KT % B #E (Angilletta and Dunham, 2003 ; Zuo
et al., 2012) , R i B X A= A 10 52 e B S K
FX & E H R0 (van Der Have and De Jong,
1996) o XA —A™ T I8 15 A4 S A ML R 1 U —
Tt Ak N, A F SR AE R L TE ARG, X
ol g - A T sz oy S R i T I W K MR AR B
WD B EIERE ), 5K T R, N TER
Ay PR B8 ) 5 R AT R s SR B Y TE AR
% (Honek, 1993; Blanckenhorn, 2000) . UlfifriA,
P E KR Ay A R B R AR R TS T i
FH)(Yang et al., 2014) . 7E ARSEAET Il 0L
IS 7E 8 A MR 9 A L A)mil T B kit 4 B
PEAHH o IR ZBOBA 2h BUE A m IR (OF
8T 25°C) FAKIFAEL IR TR m ik E . K
A IMTEA AT REA B & BTG 3, 0F HAE ARG
R LR 19 5 ) (Chown et al., 1995) o EYHE
ORI R R 22 [ 5 TR DG B R M AR R 2 5y TR
THEAWRE R E R R T 2R, R 52K
ZES AR R AT A R TN FORIE A BE0E . SR
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SR RGN SO AL AR R IR LR TE SRR Bk
el H IS S & 09 R 2 T AR I s B i BE AR YR
AN B KR AR Y B LR TE = R R e H
HRIF S0, 1% R A 0 s B Ui B - L R /N U (Fu e
al., 2016) ,

AWFFE AT YN T AN (1) 8 390 07 o ]
FEER R 25, FERMAEM T . (1) MEd
WMEd B R T WA R R E PR B D,
I T R S PR Y T S5 2 ( protandry ) IR
BT IRAEARIR T I, MR S I R 7 )
SRS Ay g, LR SAE T R A R T A
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1992) o (2) W 36 DK M g o kA B0 28 KT M
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T T Rk 1. 6 A% HE T L, 32°C R iR R ME
O 1.9 A% T H 2 B M A IR R ) R
PERTMER, (3) MEPEA: K FRTE 22 F1 24°C I i
FARTMENE, (HAE 30 1 32°C i 3 5 T, 6
T2 AR R AT T 1) R T A ) A A 2
Sio (4) R A 7 B R AL R A0 A R b I v T
i, LR A 25 2 1) A L iR R T v 3 G R (A
20°C R 47.9% L TV3] 52. 4% ), i e 3 25 Kk g 4
AR TR,

ARG A J BV P 5 A ML R A A o ] 5 ek
BN )R B AT S A S AN ) 1), PR R B 1 B R Al
IAVE  TE RN HOHEMERG TR, R S B IR
SERPE IR A S, AT A AR B, I i 1)
AN YN R IE %) SSD 8 BB 1 2 T sy 7B M 4G K, i
HARHE B T s TR, X — iR E RS
Teder 1 Tammaru (2005) BYIRE—3L, FHAHEE
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