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Effects of Temperature on the Development and Reproduction of
Ostrinia scapulalis (Lepidoptera: Crambidae)
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ABSTRACT: Ostrinia scapulalis is one of important pests in leguminous crops, especially red bean. In order to understand the biological
characteristics of the insect, we investigated the effects of temperature on development of each life stage, adult longevity and fecundity of O.
scapulalis at eleven constant temperatures of 7, 10, 13, 16, 19, 22, 25, 28, 31, 34, and 36°C. Eggs and larvae successfully developed next life
stage at most temperature subjected except 7, 10 and 13°C. The developmental period of egg, larva and pupa decreased as temperature
increased. Lower and higher threshold temperature (7L and TH) were calculated by the Lobry-Rosso-Flandrois (LRF) and Sharpe-
Schoolfield-Tkemoto (SSI) models. The lower developmental threshold (LDT) and thermal constant (K) from egg hatching to adult
emergence of O. scapulalis were estimated by linear regression as 13.5°C and 384.5DD, respectively. 7L and TH from egg hatching to adult
emergence using SSI model were 19.4°C and 39.8°C. Thermal windows, i.e., the range in temperature between the minimum and maximum
rate of development, of O. scapulalis was 20.4°C. Adults produced viable eggs at the temperature range between 16°C and 34°C, and showed
a maximum number, ca. 416 offsprings, at 25°C. Adult models including aging rate, age-specific survival rate, age-specific cumulative
oviposition, and temperature-dependent fecundity were constructed, using the temperature-dependent adult traits. Temperature-dependent
development models and adult oviposition models will be useful components to understand the population dynamics of O. scapulalis and will
be expected using a basic data for establishing the strategy of integrated pest management in leguminous crops.
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F=7|Y YN Ostrinia scapulalis)(EZ YL gt
. 2, Bl 2140 9 S eolA Hsisichn 7|5 2
20|t CABI website, N.D.; Park, 1975; Calcagno et al., 2010).
o] 59| 7|FAER = AEAA B(Vigna angularis), 73E
(Phaseolus vulgaris)(FNS 3ESF1] S(Humulus lupulus), =11
uld)(Xanthium spp.), 5= AN (Miscanthus
sacchariflorus), ZO\(Phragmites communis), Z(Artemisia
princeps), Z(Polygonum tinctorium) 5 81} 0]4}9] 7|FA&E
= 71elfeh= A 2502 U4 itk (Mutuura and Munroe,
1970; Hattori and Mutuura, 1987; Ishikawa et al., 1999).

19759 A& o] AR Eo@ B TE9T(Park,
1975), A& FE 7|20 2 I A X Fol|A] WAYst= Ao =
712 H} QJth(Bae, 2001). Jung et al. (2009)-2 =L} 3 L7}
A I nEg Y77l ZH N Maruca vitrata)(3EZL}
v, BN Matsumuraeses phaseoli)( dgoluyah ) g+
7| iR of E715 7Isohs Ostrinias; I3 AF-& HaIgt
ul ek o)% 7 441719k 7hed|cte] Foleluirie] © w
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2247 58 B 7IFAE] HE 1 a1 E3S F9) o] S
2 FZ7HEo 2 2431 tHJung et al., 2012). 2019 9
4 3k YO S5X(V. radiata)®} 55(Vigna unguiculata
subsp. unguiculata) EARA P E SEE T2V |H IS
2 gkol¥] uf Qlti(Jung, J.K., unpublished observation).
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o] &sto] Il A AE= ZEst = A== e U A
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50 7REARH25°C)oll A 29 Aol $-aksk3laL, 9
4 T~109 ol ARE e 50 oFe]olA dEste
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Atolof| 502 931t AR Y FE7IHURol ks
Toz FH dEste SAS 7L e A o2 A
(Jung et al., 2012). o|&|gt %"é% o & azxog Q0
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4 At A 7hsAdol lar, & 34 X719 -5 232
Al7](Jung et al., 2009)5 185t uf] 2 T2 33}17] Al50] 8¢
T~ g Alolo] Z 2 Qto g T Ao g o
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A 52 o] wh s, A, ols 59 ol A ade
Qsyakgo] MBI AR oel#] YrkHoffmann, 1985;
Ratte, 1985). A7 AFE2 2ol et 25 F-2o) WS, AL, A
A 59 AP NS RIS ol&sto] 24 stst
FaL o] 23t IS5 ol-8sto] tii 25 T AMAl-SH o
it g=24]0 = Fok4| siF e ofl -6-8-5to Lth(Campbell
et al., 1974; Logan et al., 1976; Sharpe and DeMichele, 1977,
Schoolfield et al., 1981; Lactin et al., 1995; Briere et al., 1999;
Kim and Lee, 2003; Ikemoto 2005; Kim et al., 2017; Ahn et al.,
2019a, b; Jung et al., 2021a, b). 2 A= T ko] ATy
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}2220(16~36°C) 0|4 43502 W50 71553 Table 2).
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Z3} Hy|71A)7] 2] AEE-L 24%~82%, 16%~T6% = G52
28°C, HH|7]=34°Coll A 71 2 LS BTk 35719
Lo A St 20k wAle AR vl
5 o188t HEtIItk(Fig. 2). o, 155 HiElV], Rl 3%
2371 33 g GHL e 13.1°C, 13.6°C, 12.8°C, 13.5°C
TN F14=274.12, P<0.0001, 95 Fy 5= 96.07, P=0.0023,
A|7]: Fy 4 = 100.25, P = 0.0005, R3] HZE3: F ;=
138.73, P = 0.0013)(Table 3). ¢, 95 W], S55E 452
F7HA SEAARL A E=56.72, 281.70, 116.09, 384.54DD ST
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c
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c c c
(0/16) (0/16) (0/16) (0/10)
5D 10D 15D 5D 10D 15D 10D 15D 5D 10D 15D 5D 10D 15D
0-day-old 1-day-old 2-day-old 3-day-old 4-day-old

Egg storage period (days) at 5°C

Fig. 1. Effects of low temperature treatments on egg hatching of Ostrinia scapulalis. Different ages of eggs in insectary (25+2°C, 15:9 h =
light:dark) were stored for 5, 10, and 15 days at 5°C, and then transferred to insectary again. Numbers in parentheses on bars indicate the
number of hatched egg masses per the number of treated egg masses. Different letters on bars are significant differences among means
of hatching rates of treatments by the Tukey studentized range test at a = 0.05.
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Table 1. Developmental periods and hatchability of Ostrinia scapulalis (Lepidoptera: Pyralidae) eggs at constant different temperatures (T)

T(C) No. of egg mass tested Development time Hatchability
(No. of mean egg) (days) (%)

7 5 (40.8+2.5) - 0.0£0.0 ¢
10 5(52.4+7.8) - 0.0+0.0 ¢
13 20 (15.6+1.0) - 0.0+£0.0 ¢
16 25 (26.0+1.8) 17.6+0.06 a' 78.0£5.0 ab
19 25 (36.7+£1.9) 10.0£0.01 b 68.1+4.3 b
22 25 (31.7£1.7) 6.0+0.00 ¢ 93.7+4.0 ab
25 9 (42.4+4.0) 5.0+0.00 d 98.6+1.4a
28 20 (26.0+£2.1) 4.0£0.01 ¢ 87.5+4.5 ab
31 24 (26.8+1.3) 3.0+0.01 f 84.6+5.9 ab
34 25 (29.7+1.3) 3.0+0.00 f 93.6+3.6 ab
36 25 (35.0+1.7) 3.1£0.02 f 19.1+4.0 ¢

Data are expressed as meanz=standard error. 'Means followed by the same letter within a row are not significantly different (Tukey
studentized range test at a= 0.05). ANOVA: development time F7 3765 = 46077.4, P < 0.0001; hatchability Fo, 197 = 62.6, P <0.0001.

Table 2. Developmental periods (days) (mean+SEM) and survivorship (S, %) for each life stage of Ostrinia scapulalis at constant different

temperatures (T)

T Life stage (L: larva; P: pupa)

°O) L1 S1 L2 S2 L3 S3 L4 S4 L5 S5 TotalL SL P SP  L+P

7 . - -

10 - - -

13 2791122 24 19.0:332a 4 - 0 - -

16 1474059b 46 9.120.60b 40 12.5+0.85a 35 15.140.89a 32 852+7.80a 26 143.6+7.57a 24 40.14042a 16 169.0:6.46a
19  7940.09c 91 59+0.06c 79 72+008b 77 94+0.15b 76 26.0+1.37b 39 56.8+145b 37 233+023b 34 782+095b
22 38:0.09d 78 3.7+0.08d 78 41+0.09c 76 5.0£0.16c 76 12.1x041c 71 288+046c 69 11.4+0.13c 65 402+049¢c
25 37#007d 94 29+0.05e 90 3.1+0.05d 85 4.0:009d 83 109+023c 80 24.4+024cd 80 84x0.12d 75 32.8+026d
28 29+0.03e 94 23+0.08ef 91 23+0.0% 91 29+0.12e 88 10.1:039c 84 20.6+044de 82 7.6£0.13e 73 27.7+034e
31 3.0£008e 85 20£0.10f 81 25t0.10e 79 3.0t0.1le 78 106+034c 77 21.12044de 77 68+0.07f 66 27.5:0.38¢
34 21+006f 89 1.6:0.08f 85 2.1+006ef 83 28:0.08e 82 9.5:039c 81 18.0x044e 80 64+0.07f 76 242+042ef
36 2.1+0.03f 98 19+0.04f 94 1.8:0.08f 90 28:008e 85 85:029c 75 17.12034e 69 64+0.06f 61 232+027f

One hundred neonate larvae were treated to the temperatures, respectively. Survivorships indicate cumulative survival rates.

'All larvae in the stage could not develop to the next stage. *Means followed by the same letter within a row are not significantly
different (Tukey studentized range test at @ = 0.05). Ist larva Fg 671 = 1083.24, P < 0.0001, 2nd larva Fg 415 = 296.48, P < 0.0001, 3rd
larva F7' 589 = 27868, P< 00001, 4th larva F7_ 573 = 29782, P< 00001, 5th larva F7' 506 — 13359, P< 00001, Total larva F7' 490 =
371.44, P <0.0001, Pupa F7, 4, =2409.01, P <0.0001, and larva to adult emergence F7, 4, = 686.04, P <0.0001.

ZZ37IX] TL-L 15.8°C, 19.4°C, T+=27.7°C, 35.4°C, TH=
7] 2 A F5-25(Te)

37.9°C, 39.8°CXit}. 15 HH 5

o =
A

Smaeh gatehE AREe] WAE A oiti(Fig. 3)
(2 Fy 13 =3290.03, P < 0.0001, 7 = 0.99, = 0.8504, a =

35.1°C, 32.0°C, 36.5°C, 37.4°C, 35.1°C ATt 3% 7| Wbt
o] & WA B {oolA AFEA7HA] YE2EHY, S
TLI} THO] 2}o]=22.1°C, 20.4°C & o] Hh2 2] A & =1 o]
7} Y%l cH(Table 4).

3-uj7 = Weibullep= FE71HW SsaAE U

=27
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0.1078, 3=4.8850; AA|-8-%7]7k: Fy.125=571.14, P<0.0001,
##=0.90, y=0.4584, a=0.5599, 5=2.7635; HH|7]: F 4 =
451.37, P < 0.0001, #* = 0.96, y = 0.5063, a = 0.4839, 5=
5.1567; R3FRE AEEF: F) g = 853.71, P <0.0001, r* =
0.95, ¥=10.7396, a=0.2488, 3=2.1523). 15~40°C2] &2z
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Fig. 2. Linear and two nonlinear functions fitted to the data of developmental rates (day ') for each life stage of Ostrinia scapulalis. The closed
three squares from left to right represent the development rates at 7., 7pand 7H. 7L and 7Hwhich are temperatures at which the control
enzyme has equal probability to be active or inactive by low or high temperature inactivation, and 75is the intrinsic optimum temperature.
A: egg stage, B: total larva, C: pupa and D: larva to adult emergence.

Table 3. Linear regression analysis for Ostrinia scapulalis, lower developmental threshold (LDT) and thermal constant (K)

2

Life stage Linear regression r LDT (°C) K (DD)
Egg 0.0176 T - 0.2305 0.99 13.08 56.72
Ist larva 0.0199T-0.234 0.95 11.55 50.12
2nd larva 0.0271 T - 0.3236 0.99 11.93 36.88
3rd larva 0.0232 T - 02793 0.96 12.02 43.04
4th larva 0.0232 T-0.3173 0.99 13.69 43.13
5Sth larva 0.0076 T - 0.1026 0.91 13.49 131.42
Total larva 0.0036 T - 0.0483 0.97 13.62 281.70
Pupa 0.0086 T-0.1105 0.96 12.82 116.09
Total immature 0.0026 T - 0.0353 0.98 13.54 384.54
Total immature means from 1st larva to adult emergence.
oM FE71 S & FehitE dsEdrIite] 2mdset 28 439| £, Lk 3 ARInH

TE7|HY A2 13~36°C oA AEo] 7oA

A 13°Cof| A Abekg 3FA] 26k3IaL 36°Cofl A Abst i ot
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Table 4. Parameter estimates of two nonlinear developmental rate models of Ostrinia scapulalis at constant different temperatures

) Para- Life stage (Larva: L; Pupa: P)
Function
meters Egg L1 L2 L3 L4 L5 Total L Pupa L+P
LRF Hopt 0.3408 0.9353 0.6242 0.7537 0.5261 0.1094 0.0571 0.1557 0.0423
vas 3133468  439.6015 309.6872 382.0986 383.5978 324.6998 336.8744 324.6851 333.3418
in 279.4656  283.8868 276.2897 286.1146 2852087 287.9021 286.8915 285.5123 287.1018
7, 307.3684 362.9347 307.8294 334.4876 334.4008 306.3003 311.8839 307.7089 310.5617
P 0.99 0.96 0.99 0.97 0.94 0.94 0.97 0.99 0.99
SSI Py 0.2541 0.4608 0.5555 0.6018 0.3781 0.1090 0.0565 0.1609 0.0423
T 300.8069 308.2458 305.1722 309.6102 310.5449 308.2702  308.388  309.8857 308.5461
AHA  12400.8 6830.279 10512.24 5995.826 -2809.232 1886.643 3775.962 295.5787 3086.39
AHL -68661.81 -56790.17 -51516.19 -53370.53 -44675.17 -102057.1 -80885.79 -53867.73 -68460.7
AHH  91238.12 350798.3 251916.2 3307.413 26749.67 10000 266177.7 29683.64 3333554
7L 288.9026  290.826 288.687 292.247 296.498  292.2924  292.1916 294.4154 292.586
TH 311.031  312.2665 309.9763 554.2854 332.9499 527.4939 314.5488 337.9321 312.9632
X 0.0017 0.0115 0.0015 0.0056 0.0025 0.0018 0.0007 0.0014 0.0005
r2 0.99 0.98 0.99 0.98 0.99 0.99 0.99 0.99 0.99

LRF function Egg F5 4 =117.67, P <0.0002, 1st larva F5 s =45.81, P <0.0004, 2nd larva F3 s =239.02, P <0.0001, 3rd larva F5 4 =
40.69, P <0.0019, 4th larva F3 4 =21.30, P < 0.0063, Sth larva F5 4 =20.66, P < 0.0068, Total larva F3 4 = 48.34, P <0.0013, Pupa
F54=147.31, P <0.0002, and larva to adult emergence F3 4= 96.11, P <0.0003.
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Fig. 3. Cumulative proportions of development completion for egg (A), larva (B), pupa (C) and egg hatching to adult emergence (D) of
Ostrinia scapulalis as a function of normalized time (developmental time/mean developmental time). The observed data was fitted by
using the two-parameter Weibull function (solid line).
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WA Fy 5y = 1809.17, P < 0.0001, = H341
gl Fy, =22.13, P < 0.0435). Algto] 7153t 24 ew
H ol 14-36°Co|0] ZURIEkrE ARSI 24 215 =253°C
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Table 5. Preoviposition, oviposition, postoviposition, longevity (female and male) and total fecundity (eggs/female) (mean=SE) of Ostrinia
scapulalis at constant different temperatures (T)

T Pre-oviposition Oviposition Post-oviposition Longevity (days) Fecundity (no. of eggs)

°C) (days) (days) (days) Female' Male Total No. Hatched No.
13 - - - 33.5¢3.66 a 23.0+£3.42a -
16 13.1£2.85a 17.0£3.43a 16.14431a 26.3+3.93b 22.843.67 a 133.9+47.12 ab (13)2 24.8+13.57 b (4)
19 10.1£1.68a 16.1+2.29a 5.3£1.30b 29.6+2.14 ab 24.8+2.38 a 164.1£24.97 a (21) 168.5+23.50 ab (14)
22 4.4+1.12b 7.0+1.26 b 4.0£1.26 b 14.7£1.01 ¢ 13.4+1.25b 193.1£53.14 a (15) 188.8+£55.26 ab (9)
25 34+032b 6.8£0.72 b 4.7+0.89 b 15.0£0.93 ¢  12.9+0.93 b 310.1£59.62 a (30) 415.8£103.02 a (10)
28 3.3+0.49b 3.6£0.56 b 3.4+1.02b 9.3£0.99 cd  8.8+1.02 be 174.5+£39.54 a (11) 147.3£39.72 ab (6)
31 2.5+0.54 b 6.2+0.90 b 2.2+0.32b 10.1£0.77 cd ~ 8.2+0.66 be 262.6£56.85 a (18) 306.3£118.01 ab (3)
34 2.8+0.47 b 3.9+0.68 b 1.7£0.48 b 7.6£0.61d 5.9+0.75 ¢ 78.2+£19.69 be (15) 22.0b (1)
36 2.3£1.15b 1.3+0.58 b 1.7£0.58 b 6.0+£0.65 d 6.2+0.49 c 34.7+18.90 ¢ (3) -(0)

Preoviposition, oviposition, and postoviposition periods included only ovipositing female.
'Combined data of ovipositing and non-ovipositing females.
The number of parentheses means that females could lay eggs or produced offsprings during experimental periods. Means followed by
the same letter within a row are not significantly different (Tukey studentized range test at a=0.05, except the hatched egg No., which
is applied to Duncan’s test). ANOVA: Pre-oviposition F7 112 = 10.37, P < 0.0001; Oviposition F7, 11> = 11.00, P < 0.0001;
Post-oviposition F7, 11, = 7.81, P < 0.0001; Female longevity Fs 264 =27.27, P <0.0001; Male longevity: Fs 26 = 16.03, P <0.0001;
Fecundity of total No. F7 112 =2.73, P =0.012; Fecundity of hatched No. Fs s =3.19, P =0.0118.
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Fig. 5. The daily fecundity (mean eggs/female/day) of Ostrinia scapulalisand survival proportion at different constant temperatures.
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Table 6. Parameter estimates for temperature-dependent adult oA A2 0] G5 Wk whebA = F2 2 kof| thgh vt
traits models of Ostrinia scap;/a//'s S Ho 59| xlo] wjFof o] oA A2 ThE S T
Models m:tr:r-s Estimated values ” AL K Ao g ALRETH
Adult aging rate model a 0.0079+0.0018  0.93 ISt ers B 29E ogsto] AA3ATTE
b 23.1019+6.6117 B3l ol xH(2;) T wAlshe 24 Aio|ti(Table 3
Age-specific survival rate 10921200128  0.95
model P
B 2.0616+0.0768 AN
. ' ¢ 0.0338£0.0625  0.94 /f.-'f' o \?\ >
Ag'e-spfe.mﬁc cumulative d 0.579020.0675 1000 ;’j A elvseo
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e 2.0065+0.2782 R 1
Temperature dependent E /
.8925+1.3784 . = AL T KO stelece
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5 O I PKRERRES S i o0
iy 36.0+2.1123 10 <%, < &c\
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m  0.6985£0.2726 7, PERRESK” &
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Adult aging rate model: F; 7 =96.36, P <0.0001, Age-specific Ue'{h\) 25 LK
- “18
survival rate model: F' 146 =2831.44, P <0.0001, Age-specific 10 18
cumulative oviposition rate model: F, »3 = 1809.17, P <
0.0001, Temperature dependent fecundity model: F5 , =22.13, Fig. 7. Simulated oviposition density curves of Ostrinia scapulalis
P <0.0435 related to temperature (°C) and cohort age.
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Fig. 6. Important components of oviposition model on Ostrinia scapulalis. A: adult aging rate curve (1/mean longevity), B: tempera-
ture-dependent total fecundity curve, C: age-specific cumulative survival rate curve and D: age-specific cumulative oviposition rate curve.
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