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Construction and Evaluation of Cohort Based Model for
Predicting Population Dynamics of Rjpfortus pedestris (Fabricicus)
(Hemiptera: Alydidae) Using DYMEX

Chang-Gyu Park*, Ki-Hong Yum', Sang-Ku Lee and Sang-Guei Lee

Crop protection Division, Department of Crop Life Safety, National Academy of Agricultural Science, Wanju 565-851, Republic of Korea
'R&D Trialing team, Syngenta Korea Ltd. Jincheon 365-841, Republic of Korea

ABSTRACT: A Cohort based model for temperature-dependent population dynacmics of Riptortus pedestris was constructed by using
a commercial software (DYMEX) and seasonal occurrence along with pesticide treatments effect was simulated and validated with
pheromone trap data. Ten modules of DYMEX software were used to construct the model and Lifecycle module was consisted of seven
developmental stages (egg, 1 - 5 nymphal instars, and adult) of R. pedestirs. Simulated peaks of adult populations occurred three or four
times after the peak of overwintered populations which was similar to those observed from pheromone trap catch. Estimated dates for
the second peak were quite similar (1-2 day difference) with those observed with pheromone trap. However, the estimated dates for the
first population peak were 9-16 days later than the observed dates by pheromone trap and the estimated dates for the last peak were 17-23
days earlier than the observed dates. When insecticide treatments were included in the simulation, the biggest decrease in R. pedestris
adult density occurred when insecticide was applied on July 1 for the first peak population: the estimated adult density of the second peak
was 3% of untreated population density. When insecticide was assumed to be applied on August 30 for the second peak population, the
estimated adult density of the following generation was about 25% of untreated population and the peak density of the following
generation reached about two weeks later than untreated population. These results can be used for the efficient management strategies
for the populations of R. pedestris.
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Table 1. Cited parameters of the temperature-dependent developmental rate and stage emergence equations for immature stages of

Riptortus pedestris (Kim et al., 2009)

Parameters
Stages Temperature-dependent developmental rate equationa) Stage emergence equationb)
p 1) t A a 163
Egg 0.0084 2.2450 45.148 -1.1250 0.962 15.0
1st nymph 0.0340 14.6960 59.083 -1.2283 0.898 5.0
2nd nymph 0.1681 5.9387 39.745 -0.0172 1.022 5.0
3rd nymph 0.0868 11.1461 46.881 -0.3271 0.898 5.0
4th nymph 0.1091 9.0773 44.666 -0.1355 0.927 7.0
5th nymph 0.0533 16.8143 54.756 -0.4948 0.973 13.0

ILactin 2 model : r(7) =
®Two-parameter Weibull function : F(pz) =1—¢
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Table 2. Cited and estimated parameters of temperature-dependent adult developmental rate, survival rate, temperature-dependent
total fecundity and cumulative oviposition rate models for female adult Rjptortus pedestris (Kim et al., 2009)

Models Equations Parameters Estimated values
, _ (asor a -6.747
Adult developmental rate model r(D=e b 0.00012
. 1 9
Survival rate model s(pr) EE R Z _?). 32
m 453.8
Temperature-dependent total fecundity model (D 1+ (0= 7)) =00 n 25.94
k -6.06
Cumulative oviposition model Olpz) =1—¢ r2/@) Z 01'602
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Table 3. DYMEX modules for constructing population dynamics model of Riptortus pedestris

Name Module Stage  Input variable (or process in Lifecycle module) Output variable
Time Timer All Not used Days since start
Day of year
Simulation date
Time of day
Latitude QueryUser All Direct (35.12.12) Latitude of City
Daylengthl Daylength All Latitude of City Day length of City
Day of year
Simulation Date
Daily input DataFile All Simulation Date Daily minimum temperature (T)

temperature (T)

Daily maximum temperature (T)

Daily input DataFile  All Simulation Date Daily minimum temperature (T-1)
temperature (T-1) Daily maximum temperature (T-1)
Daily Circadian All Daily minimum temperature (T) Daily average temperature (T)

temperature cycle (T)

Daily maximum temperature (T)
Day Length of City

Daily temperature

Circadian All

Daily minimum temperature (T-1)

Daily average temperature (T-1)

cycle (T-1) Daily maximum temperature (T-1)
Day Length of City
Lifecycle Lifecycle Eggto Development (affect physiological age) Total number of egg, each nymph

5th Nymph Mortality (affect number)
Transfer (affects stage transition to next stage)

Graduates to next nymph, adult

Adult Sex ratio Total number of adult
Mortality (1-Survival rate) Total graduates (dead)
Development (T) Progeny Production
Development (T-1)
Fecundity
Progeny Production
Pesticide spray Event Nymph Day of year Nymphal mortality by pesticide
effect (Nymph) Simulation date Event Flag 1
Pesticide spray Event Adult Day of year Adult mortality by pesticide
effect (Adult) Simulation date Event Flag 1

Fig. 1. Component (A), Lifecycle module (B) and Lifestage (C) windows of DYMEX Builder.
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peak) effect for the adult population density of Rjptortus pedestris.
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