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Simulation modelling of the population dynamics of Helicoverpa armigera
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Abstract Simulation modelling can contribute to our understanding of insect population dynamics and pest man-
agement. DYMEX model was a kind of mechanism model based on the concept of cohorts, which allowed the
model to be more realistic in simulating population dynamics affected by multi-factors and to be popularized. The
population dynamics of Helicoverpa armigera is influenced by many factors such as climate, natural enemies and
agricultural practices, making modeling and simulation of population abundance and phenology difficult. In this
study, DYMEX version 3.0 software was used to build a model of H. armigera. (1) Simulations were consistent
with experimental results (the R* were above 0.6 and the P-value were less than 0.05) for cotton bollworm devel-
opmental time, survivorship of immature stages and progeny production and longevity of female as influenced by
different temperatures and pesticide effects. (2) Simulation of population relative abundance and phenology were
consistent with field monitoring data. The DYMEX model of H. armigera can be used to study population dynam-
ics under various scenarios and help us analyze lab experimental results, understand the contribution of various fac-
tors to population changes and make forecasts of population dynamics and so better serve pest management.
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Table 1 Parameters and driving variables of population dynamics of Helicoverpa armigera DYMEX model
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Table 2 Initialization values of Helicoverpa armigera DYMEX model in simulation
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Spraying measures in the table mean that each time of pesticide spraying has three choices every year in the simulation: A (chemical pesti-

cide), B (biological pesticide) or C (without spraying). For example, the pesticide spraying choice of 121 broadacre farming in 2009 was
(B//B//B), indicating that the biological pesticide were used in three times.
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Fig. 2 Observed and simulated mean developmental time of egg, larva and pupa of Helicoverpa armigera
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2.1.2 FhAlFRERAEN
FEALLR) R AR 35 R ROR 5 32 bR B A 1 O He s &
PR 3) Ak % ORI RS HUOR 1~ 3 i 4 TR

B B O R ZE AR LA R R (E O 0. 79,
P<0. 01 ; A=W 8 ORI AR S LB 1~3 #340 HU |
CBCR 2 S LA TR R? {H°R 0. 97, P<<0. 01,

®3 FERRARFMERDP AR BB ROBSHHE"

Table 3 Effects of two types of pesticides on the abundance of eggs, 1st-3rd instar larvae and natural enemies, respectively

25T KA X4 OB/ % Rate of abundance decreasing
Pesticide type and target 1d 3d 5d 7d 10d
Ak 2F A% Bi57)-5F Chemical pesticide-Egg 85. 2(71. 04) 91(94. 29) - - -
a8 i Fl- 1~3 {34 Ht Chemical pesticide-1st-3rd instar larva 37.8(33.91) 65. 93(56. 91) 56.5(61. 76) 62. 63(66. 14) 46. 7(37.27)
Ak % BRI KB Chemical pesticide-Natural enemy unit 42. 8(53. 33) 68. 87(66. 67) = = =
A4 2% HU 5= Biological pesticide-Egg 0€0) 13.05(16. 69) 26. 8(31. 89) - -
W% B l- 1~3 #4345 L Biological pesticide-1st-3rd instar larva 26.1(27.59) 52. 3(48. 43) —(62. 96) 60(68. 96) 66.7(73. 85)

D FEH1d.3d.5d.7 d. 10 d FoRHEZG 5 ] i ] . 55 YRR il {E .

In the table, 1 d,3 d.5 d.7 d,10 d represent the durations since pesticide spraying events happened, and the values in the bracket are the

simulations.
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Pearson 18 2% R4}
Table 4 Pearson correlation coefficient between adult abundance

variation of Helicoverpa armigera and factors

5 Pearson #H¢ &%k  Pearson correlation coefficient
Factor GO Gl G2 G3
Cli. 0. 036 0. 347 * 0.421* 0.413*
Opupae 0. 999 0. 405* 0. 322* 0. 277
Fb 0. 000 —0.417* —0. 282* —0.197*
Fbs 0. 000 0. 492* 0.321* 0.214*
Sh 0. 000 0. 000 —0.279* —0. 202 **
Shs 0. 000 0. 000 0. 339* 0. 238 **
Thb 0. 000 0. 000 0. 000 —0.220*
Ths 0. 000 0. 000 0. 000 0. 263 **
Pred. 0. 000 —0.325* —0.279* —0. 280"
Para. 0. 000 —0.212* —0.193* —0.195*
GO 1. 000 0. 543 * 0. 366 ** 0. 278 **
Gl — 1. 000 0. 665 ** 0. 4747
G2 — — 1. 000 0. 697 **
G3 — — — 1. 000

1) " 3R P<<0. 055 * FoR P<C0. 01, Cli. : N[RIARM i 05 1
G& H 55 A ARTED 5 Opupac: B4 FLE; Fb Al Fbs,Sb #1
Sbs,Th and Ths #KIK 7~ F A= Y128 R AL 228 ORI By 7R
FH—R BRI 1~3 kgt Pred. : HEMERE
s Para. . AFAEPERFEENL; N GO~G3 4Bl FR A
H— M AR AR TR F .

*; P—value less than 0. 05; * ; P — value less than 0. 01.
Cli: Climate conditions in different years including daily maxi-
mum and minimum temperature; Opupae: abundance of over-
wintering pupae; Fb, Sb and Tb indicate the first, second and
third time using biological pesticide to control the eggs and 1~3
instar larvae; Fbs, Sbs and Tbs indicate the first, second and
third time using chemical pesticide to control the eggs and 1~3
instar larvae; Pred. : natural enemy units of predators; Para. :
natural enemy units of parasitoid; the abbreviation from GO to
G3 indicate the overwintering, first, second generations and di-

apause pupae in autumn,
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