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Predicting distribution pattern of the Mediterranean pine engraver,
Orthotomicus erosus (Coleoptera: Curculionidae: Scolytinae),
by geostatistics and artificial neural network
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Abstract

The Mediterranean pine engraver, Orthotomicus erosus (Wollaston) (Coleoptera: Curculionidae: Sco-
lytinae), is one of the most important pests of pine trees in Kermanshah. Attack and feeding of this pest
destroy the floem tissues under the bark of the infected trees and disrupt the plant sap flow, causing the
death of infected trees. The purpose of this study was to predict and mapping the distribution of O.
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erosus using multi-layer perceptron neural networks combined with genetic and imperialist competitive
algorithms in Kermanshah. The sampling of pine trees was done in 2015-2016 in Kermanshah. To
evaluate the ability of the used neural networks to predict the distribution was used statistical compar-
ison the parameters such as mean, variance and statistical distribution between actual and predicted
values by multi-layer perceptron neural networks combined with genetic and imperialist competitive
algorithms. Results showed that in training and test phases, was no significant differences between
average, variance and statistical distribution of actual and predicted data that indicates the high accuracy
and the ability of neural networks to map the distribution of this pest in Kermanshah. The R? values
revealed that imperialist competitive algorithm had a higher accuracy to estimate the density of O.
erosus compared with the other two methods. In addition, the comparison of the coefficients of the R?
between different neural networks and geostatistics method showed that all three neural network mod-
els predicted the distribution pattern of O. erosus better than the geostatistics method. The maps drawn
by all three neural networks showed that the distribution of this pest was cumulative. The results ob-
tained from the geostatistics method represented the cumulative distribution of the pest.
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Table 1. Error percentage of proposed neural network for different parameters of genetic and imperi-
alist competitive algorithms

Imperialist competitive algorithms Genetic algorithms
Average Average
absolute of ~ Revolutionary Initial . absolute of Mutation ~ Crossover .
elative Rate Empire Population elative ate ate Population
error (%) error (%)
0.092 0.5 50 100 2.60 0.4 0.6 50
0.089 0.4 60 100 2.49 0.3 0.7 50
0.087 0.3 70 100 2.61 0.2 0.8 50
0.059 0.2 80 100 2.27 0.1 0.9 50
0.033 0.5 50 150 2.18 0.4 0.6 100
0.025 0.4 60 150 2.15 0.3 0.7 100
0.022 0.3 70 150 1.97 0.2 0.8 100
0.012 0.2 80 150 1.95 0.1 0.9 100
0.006 0.5 50 200 1.95 0.4 0.6 150
0.005 0.4 60 200 1.95 0.3 0.7 150
0.005 0.3 70 200 1.95 0.2 0.8 150
0.005 0.2 80 200 1.93 0.1 0.9 150
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Table 2. Statistical comparison of mean, variance and statistical distribution between observed and predicted density
of Orthotomicus erosus by multilayer perceptron neural network, MLP neural network combined with genetic and
imperialist competitive algorithms

.- . Pvalue

Used procedure Utilization phase mean variance statistical distribution
. Training Phase 0.526 0.779 0910
multilayer perceptron neural network Test Phase 439 563 0.800
MLP neural network combined with Training Phase 0817 0.852 0.854
genetic algorithms Test Phase 0.901 0.891 0.890
MLP neural network combined with Training Phase 0.762 0.901 0.850
imperialist competitive algorithms Test Phase 0.910 0.942 0.900

Orthotomicus (y) 5.3 juw i 5 () 0l sdalie oS5 o Jast O 5o S5 dal, 5l ool @l Y dgder
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Table 3. Results of Linear regression relationship between observed (x) and predicted (y) density of Orthotomicus
erosus by multilayer perceptron neural network, MLP neural network combined with genetic and imperialist
competitive algorithms

Used procedure Utilization phase ~ Intercept Slope R?
multilayer perceptron neural net- Training Phase 0.012 0.682 0.889
work Test Phase 0.020 0.799 0.801
MLP neural network combined with ~ Training Phase 0.002 0.977 0852
genetic algorithms Test Phase 0.021 0.851 0.891
MLP neural network combined with ~ Training Phase 0.009 0.966 0.988
imperialist competitive algorithms Test Phase 0.001 0.853 0.932
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Table 4. Geostatistical characteristics of the infected pines by Orthotomicus erosus in Kermanshah

Range of spatial Degree of spatial
Nugget RSS R? Model
dependence dependence

120.05 1215.12 0.790 2.43 0.801 Spherical
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Fig. 1. Distribution map of Orthotomicus erosus in Kermanshah (A) Multilayer perceptron neural net-
work (B) MLP neural network combined with genetic algorithm (C) MLP neural network combined
with Imperialist competitive algorithm
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