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Abstract

The rose-grain aphid, Metopolophium dirhodum is one of the most important species among wheat and
barley aphids and its population trajectory in field is characterized by rapid boom. In the present study,
three datasets from M. dirhodum population in a wheat field in Varamin (Tehran) from 1999 to 2001
and two datasets from a barley field in Aleshtar (Lorestan) in 2017 and 2018 were used for modeling
the aphid population dynamics. We demonstrate that Normal and Hyperbolic Secant Squared models
presented a much better description of M. dirhodum population dynamics in the whole season for all
datasets from wheat and barley fields than the Exponential or Logistic Growth models. The Normal
and Hyperbolic Secant Squared model analysis of data showed that the models were useful representa-
tions of the data, gave biologically reasonable descriptions of rose-grain aphid population dynamics,
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and were statistically powerful basis for the analysis of experimental data obtained in this research. The
parameters of two mentioned models are the predicted peak size, Nmax, the predicted time of peak, tmax,
and an approximate per capita birth rate, all of which are of interest in practical applications. Overall,
the results of this study showed that the Normal and Hyperbolic Secant Squared regression models were
shown to fit diverse abundance curves adequately and the parameters of the mechanical model can be
estimated by the parameters of these models.
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Fig. 3. Observed population dynamics of Metopolophium dirhodum in wheat fields in VVaramin (indi-
cated by a (1999), b (2000), ¢ (2001)) and Lorestan (indicated by d (2017), e (2018)) and the fit of two
competing models (indicated by subscribe, 3 (Normall), 4 (Hyperbolic Secant Squared). Observations
are indicated by black point-line and models by red dashed line.
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Table 1. Parameters (mean + SE) obtained by fitting four population growth models to mean population
abundances of Metopolophium dirhodum in wheat field in Teheran province (Varamin) and barley field
in Lorestan provincr (Alashtar).

Parameter Varamin Lorestan
1999 2000 2001 2017 2018
Exponential
r 0.079+0.012  0.058+0.031 0.033+0.012 0.025+0.008 0.074+0.017
log (No) 0.161+0.045  0.095+0.090 0.446+0.226 0.041+0.013 0.019+0.007
r? 0.99 0.82 0.90 0.93 0.97
P=0.001 P=0.031 P=0.003 P=0.0003 P=0.005
Logistic
r 0.221+0.018  0.240+0.020 0.126+0.006 0.083+0.006 0.133+0.013
log (No) 0.045+0.015  0.004+0.002 0.103+0.021 0.035+0.007 0.019+0.005
log (K) 3.3974£0.052  2.045+0.027 9.579+0.122 0.937+0.033 0.502+0.016
r? 0.99 0.99 0.99 0.99 0.99
P<0.0001 P<0.0001 P<0.0001 P<0.0001 P<0.0001
Normal
Nmax 21.935+2.271  4.857+0.162 141.200+10.964 0.357+0.043 0.267+0.037
tax 25.658+0.602 28.511+0.232 40.973+0.716 42.140+2.654 21.307+1.963
g 0.209+£0.027  0.123+0.005 0.089+0.008 0.036+0.006 0.055+0.009
r? 0.98 0.99 0.97 0.93 0.93
P<0.0001 P<0.0001 P<0.0001 P<0.0001 P=0.0006
Hyperbolic Secant Squared
Nmax 23.382+3.728  4.903+0.229 142.000+13.566 0.361+0.046 0.279+0.039
tax 25.449+0.608 28.586+0.351 40.880+0.904 42.337+2.801 27.097+1.848
b 0.494+0.81 0.270+0.015 0.196+0.022 0.078+0.014 0.128+0.023
r? 0.99 0.99 0.96 0.93 0.94
P<0.0001 P<0.0001 P<0.0001 P<0.0001 P=0.0006
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Fig. 4. Scatter plots with regression lines for corresponding parameters for Hyperbolic Secant Squared

vs Normal models for Metopolophium dirhodum data set. Dashed line indicate model. A. Peak size. B.
Time of peak. C. Spread (o). D. Cumulative density (AUC).
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Table 2. Estimates of mechanistic parameters of Metopolophium dirhodum in wheat field in Teheran province (Varamin) and barley field in Lorestan

provincr (Alashtar).

Model
Normal Hyperbolic Secant Squared
Varamin Lorestan Varamin Lorestan
Parameters 1 gqq 2000 2001 2017 2018 Parameters ;99 2000 2001 2017 2018
M 25.658 21511 40973 42140  27.307 M 25449 28586 40.880 42337 27.007
o 3.388 5763 793 19587  12.878 o 3670 6.707 9.273 23123 14.196
No (No.) 77E-12 000002 00002 0035 0027 No (No.) 00003 0009  0.192 0.049 0.033
x
P 2.235 0858 0651 0110  0.167 (Ahididay) 0494 0270 0195 0.073 0.120
c 0.054 0035 0024 0024 0037 o 0005 0007  0.0001 0.009 0.029
(Aphid/day)
AUC (No) 186246 70149 200816 17449  gs549 AUC (No) 18933 72558 2905371 18423  8.742

0
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Table 3. Comparisons of goodness-of-fit and of estimated regression slopes (with standard errors) for time of peak (tmax), spread (6), size
of peak (Nmax), and cumulative density (AUC) of Hyperbolic Secant Squared vs. Normal models for 5 set data for Metopolophium dir-

hodum.

Regression parameter value (xSE) r2
Slope for time of peak (tmax) 0.999 (0.003) 1
Slope for spread (6) 1.159 (0.016) 0.99
Slope for size of peak (Nmax) 1.007 (0.005) 0.99
Slope for cumulative density (AUC) 1.035 (0.003) 1
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