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Temperature-dependent Development Model of Hawaiian Beet Webworm
Spoladea recurvalis Fabricius (Lepidoptera: Pyraustinae)
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ABSTRACT: The Hawaiian beet webworm (Spoladea recurvalis) is one of the serious insect pests found on red beet (Beta vulgaris var.
conditiva) in Korea. The study was conducted to investigate the development period of S. recurvalis at various constant temperatures, 15.0,
17.5,20.0, 22.5, 25.0, 27.5, 30.0, 32.5 and 35.0°C, with 65+5% RH and a photoperiod of 16L:8D. The developmental period from egg
to pre-adult was 51.0 days at 17.5°C and 14.6 days at 35.0°C. The developmental period of S. recurvalis was decreased with increasing
temperature. The relationship between the developmental rate and temperature was fitted well by linear regression analysis (R2 =0.87).
The lower developmental threshold and effective accumulative temperature of the total immature stage were 10.4°C and 384.7 degree
days, respectively. The nonlinear relationship between the temperature and developmental rate was well described by the Lactin model.
The relationship between the cumulative frequency and normalized distributions of the developmental period for each life stage were
fitted to the Weibull function with R*=0.63~ 0.87.

Key words: Spoladea recurvalis, Lower development threshold, Weibull distribution, Linear and nonlinear developmental rate model
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Table 1. Developmental period (day, mean=SE) for stage-specific of S. recurvalis at various temperatures in the laboratory

Temp.

(©) Fee Ist 2nd 4th 5th Pupa fotal
15.0 7.6£0.07 a  6.6+0.14 a - - - - -

17.5 6.540.10 b 5.3+0.09 b  4.8:0.09 a 4.840.09 a 5.0+£0.07 a 5.5+0.10 a 19.240.12 a 51.0+0.25 a
20.0 5.4+0.08 ¢ 3.6£0.08 ¢ 3.140.05 b 3.040.02 b 3.2+0.06 b 4.2+0.06 b 15.3+0.08 b 37.840.27 b
225 444007 d 3.0£0.02 d  2.5£0.08 ¢ 2.6£0.07 ¢ 2.7£0.07 ¢ 3.4+0.08 ¢ 13.6£0.08 ¢ 32.2+0.17 ¢
25.0 3.540.07 ¢ 22+0.06 ¢ 224005 d 23+0.07 d 2.3+0.07 d 2.840.07 d 11.6£0.07 d 26.7+0.15 d
275 3.240.06 £ 2.140.04 e  2.0£0.02 de 2.0+0.02 e 2.0£0.03 ¢ 2.4+0.07 ¢ 10.040.05 ¢ 23.8+0.11 e
30.0 3.0£0.00 £  2.0+0.00 ef 1.940.05 ¢ 1.840.06 f 1.9£0.04 ¢ 2.1£0.05 f  8.4+0.07 f 21.0+0.16 f
32.5 2.540.08 g 1.840.07 fg 1.5£0.08 f 1.4+0.08 g 1.5£0.08 f 1.8£0.06 g 7.3+0.07 g 17.8+0.15 g
35.0 224008 h 1.6+0.10 g 1.040.00 g 1.0£0.04 h 1.140.05 g 1.540.10 h  6.3+0.09 h 14.6+0.21 h

Within a column, means with the same letter are not significantly different (P>0.05, Duncan's multiple range test).
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Table 2. Death number of S, recurvalis at various temperatures in the laboratory

Death number

T(egf ’ No.* Larva —_—
Ist 2nd 3rd 4th 5th

15.0 50 22 28 - - - 50

17.5 50 9 6 6 3 2 26

20.0 50 5 3 1 0 1 10

22.5 50 4 1 0 0 2 7

25.0 50 0 1 0 1 1 3

27.5 50 1 1 0 1 1 4

30.0 50 2 0 0 0 0 2

32.5 50 2 3 1 1 2 9

35.0 50 7 5 2 4 4 22

" No. : Number of individuals tested.
Table 3. Egg hatchability and adult emergence of . recurvalis at various temperatures in the laboratory
Temp.(C) No." Hatchability(%) No." Emergence(%)

15.0 67 74.6 -
17.5 70 87.1 24 75.0
20.0 72 91.7 41 85.4
22.5 70 92.9 43 86.1
25.0 74 94.6 47 91.5
27.5 70 92.9 46 89.1
30.0 68 95.6 48 89.6
32.5 75 90.7 41 75.6
35.0 65 87.7 28 57.1

" No. : Number of individuals tested.

o, 75, Hel7]717te]
ol sHEE), 20C 55717}
o)7]717ke Alelet U A 77k 2 AE e 4
ﬂﬂkﬁ ik

Shin et al.(2000)-2-25 Col|A] Baul=H WK Palpita indica)
o] d7|7ro] 5.2¢, §-5717k0] 18.94, ¥1H|7]7]Xto] 10.5YU 0]
gk B39 11, Kim(2002)= 25 Co|A ZYUHK Ostrinia
Sfurnacalis)®] G770 4.1, §-%717F0] 20.8¢, HY| 71717t
0]9.1olg}ar B 3154411, Choi et al.(2008)2-25 Cof| A A&
FEYYWRNOmiodes indicatus) 2] &7|7H0] 5.04, 9-57]710]
12,79, Wiel7]712k0] 8.0 0]k w g, the 5
wpolzpict 2w guie] o7\ 7io] B, Helz]717t0] 71 A

%g¢mq

2, 15,6011, 25 CojlA]

??1_78 o

FE

PShkel

£-89| PAZ H457)] oJajA
Utk Zh kg aAlol A o)

=]
U
T a7 7§

ok A3}
2RA

P o

H}o
E =
ol >

8  Korean J. Appl. Entomol. 52(1): 5~12 (2013)

(R)=0.929.01, 432 0.87~0.98, HH|7]:=0.97, HA7]
ZFo] 0.98 2 Bluj iy vhe-o 2|41 5] 7jof| 24| QI Egg:
F=83.14, df=8, R’=0.92, P=0.0001; Ist instar: F=39.01, df=7,
R’=0.87, P=0.0008; 2nd instar: F=64.27, df=7, R*=0.91, P=0.0002;
3rd instar: F=58.18, df=7, R2:0.91, P=0.0003; 4th instar:
F=284.05, df=7, R’=0.98, P=0.0001; 5th instar: F=167.18 df=7,
R*=0.97, P=0.0001; Pupa: F=309.10, df=7, R’=0.98, P=0.0001;
Total: F=257.24, df=7, R>=0.98, P=0.0001).
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Table 4. Estimated parameters of a linear model regression for pre-adult stages and total immature stages of S. recurvalis

Intercept Slope DT DD R’
Egg -0.1556(0.06419)* 0.0227(0.00249) 6.9 66.2 0.92
Larva
1st -0.4496(0.15726) 0.0366(0.00585) 12.3 30.0 0.87
2nd -0.4559(0.12343) 0.0368(0.00459) 124 27.2 0.91
3rd -0.4336(0.12467) 0.0354(0.00464) 12.3 27.4 0.91
4th -0.3089(0.043006) 0.0270(0.0016) 114 30.2 0.98
5th -0.0489(0.00944) 0.0045(0.00035) 10.8 38.8 0.97
Pupa -0.0585(0.00918) 0.0060(0.00034) 9.7 166.0 0.97
Total -0.0269(0.00434) 0.0026(0.00016) 10.4 384.7 0.98
*( ) : Standard error
_.DD: Degree days
" DT(Development threshold) = intercept/slope.
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Fig. 1. The relationship between the developmental rate(1/d) and temperature for each developmental stage of S. recurvalis at various

temperatures.
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Table 5. Estimated parameters of the biophysical developmental rate model for each developmental stage of S. recurvalis

A QJth(Fig. 2). Table 6-> Weibull function
o]

Parameter Egg Larva Pupa Total
0 0.134 0.141 0.136 0.138
Tas 44.498 49.420 47.955 48.806
A™ 7.43 7.07 7.33 7.22
A 0.054 0.020 0.026 0.011
R’ 0.98 0.97 0.99 0.99

;p : controls the rate of increase of the development rate with temperature

.. Tmax : the lethal (upper) temperature at which development stops

_A:temperature range over which ‘thermal breakdown’ becomes the overriding influence (shape parameter)

"\ : makes the curve intercept the x-axis, thus allowing the estimation of the development temperature threshold.
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Fig. 2. Cumulative proportions for the development completion time of . recurvalisin egg, larva, pupa and total immature stages as a

function of physiological ages.
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Table 6. Estimated parameters of the Weibull distribution model for each developmental stage of S. recurvalis

Parameter Egg Pupa Total
n 17.00199 40.05879 -20.2379 0.230595
B 105.907 600.1871 -318.099 5.154229
v -16.0474 -39.0861 2120117 0.765672
R’ 0.63 0.64 0.87

n determined by transforming the Weibull distribution to the linear form

B starting value is calculated as Yi-0.13

v : the expected normalized time just before complete development of the first insect.

Aol7] o] o
ohat A7} 4ol
5 ARl e gl

B AT w20 AP ATHA < 20), FE 5 1542
= of| 2h F 231 7| <E e IAH S PI009194)
2
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