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Identification of chafers using near-infrared spectra
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Abstract [Objectives] To explore a new method for the rapid and accurate identification of chafers, which are important
agricultural and forestry pests in China, and extend this to other beetles. [Methods] Near-infrared reflectance spectroscopy
(NIRS) was used to analyze near-infrared spectrum data from 15 chafers with the support vector machine (SVM) algorithm.
The spectra were processed using the methods described by Savitzky-Golay for smoothing and autoscaling, after removal of
the noise region. Using the spectra of 150 specimens, 66% of the NIR spectra of chafer samples were used to establish
SVM-based discrimination models, and the remaining 34% of NIRS spectra were used to validate these models. The models
were self-validated. [Results] The self-validated results of calibration samples are shown below. In the identification model
of 4 subfamilies of the Scarabaeidae family, the accuracy rate for identifying the Melolonthinae was 86% and that for other
subfamilies 95%. Identification models for species and genera all had accuracy rates of 100%, except that for Protaetia
cathaica. (Bates). The self-validated results of prediction samples showed that all accuracy rates reached 100%, except that for
Polyphylia laticollis Lewis which was because of the low number of specimens available. These results are consistent with

those obtained by morphological identification. [Conclusion] This novel method has a considerable potential for application
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in the future due to its speed, reliability and easy of use, as well as its veracity and credibility in pest control and inspection
and quarantine.
Key words chafer, rapid identification, NIRS, SVM, models
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Table 1 Information of chafer dug specimen
Subfamily Genus Species Collection information Number
Polyphylla - . 2012.7.16. _ 3
P laticollis Lewis Anshan, Liaoning
Hoplosternus ) 2014.7.5 o 20
H. incanus Motschulsky Shenyang, Liaoning
Holotrichia 2014.06.29 o 8
H. parallela Motschulsky Shenyang, Liaoning
Melolonthinae
Holotrichia ) ) 2014.07.1 L 9
H. diomphalia (Bates) Shenyang, Liaoning
Maladera o . . 2012.7.16 . 11
M.verticalis Fairmaire Anshan, Liaoning
Maladera 2012.5.26 o 12
M. orientalis (Motschulsky) Huludao, Liaoning
) Pentodon 2012.8.23 . 11
Dynastinae P. mongolicus Motschulsky Songyuan, Jilin
Blitopertha o ) . 2011.7.29 L 11
B. pallidipennis Reitter Dandong, Liaoning
Anomala ) 201,2'8'4. . 10
A. mongolica Faldermann Fuxin, Liaoning
Rutelinae 2014.7.5
Anomala . 9
A. chamaeleon Ohause Shenyang, Liaoning
Mimela 2012.7.16. . 1
M. testaceipes (Motschulsky) Anshan, Liaoning
Cetonia . 2011'7'16. . 12
C. magnifica Ballion Fushun, Liaoning
Protaetia . 2012.7.16 L. 10
P. brevitarsis (Lewis) Anshan, Liaoning
Cetoniinae . 2012.7.16
Protaetia . . 4
P. cathaica (Bates) Anshan, Liaoning
Gametis 2012.6.19 9

G. jucunda (Faldermann)

Shenyang, Liaoning
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Table 2 Classifying of sample data sets

Barnes
2004
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Models Calibration samples
4 101

4 subfamilies of family Scarabaeidae

3 . . 44
3 genera of subfamily Rutelinae

4 29
4 genera of subfamily Melolonthinae

3 21
3 genera of subfamily Cetoniinae
Holotrichia 12
2 species of genus Holotrichia
Maladera 2 16
2 species of genus Maladera
Anomala 2 13
2 species of genus Anomala
Protaetia 2 10

2 species of genus Protaetia
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Fig. 4 Near infrared spectroscopy of chafer dug specimen

Above: Original spectra; Below: Pretreated spectra.
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Table 3 Pretreatment methods of near-infrared spectra for 8 models
Models of different categories Pretreatment methods of near-infrared spectra
4 2 15
4 subfamilies of family Scarabaeidae 1st derivative (2nd order polynomial, smoothing point 15); normalize
3 5 15
3 genera of subfamily Rutelinae 2nd derivative (5th order polynomial, smoothing point 15); normalize
4 5 15
4 genera of subfamily Melolonthinae 2nd derivative (5th order polynomial, smoothing point 15); normalize
3 2 15
3 genera of subfamily Cetoniinae Ist derivative (2nd order polynomial, smoothing point 15); normalize
Holotrichia 2 2 15
2 species of genus Holotrichia 1st derivative (2nd order polynomial, smoothing point 15); normalize
Maladera 2 2 15
2 species of genus Maladera 1st derivative (2nd order polynomial, smoothing point 15); normalize
Anomala 2 5 15
2 species of genus Anomala 1st derivative (2nd order polynomial, smoothing point 15); normalize
Protaetia 2 5 15

2 species of genus Protaetia Ist derivative (2nd order polynomial, smoothing point 15); normalize
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Table 4 Discriminant models' parameters and cross validation

Self verification of models

Model Cost Grama o % L 7
Taxon Recognition rate Rejection rate
Melolonthinae 98 98
4 100 0.001 Dynastinae 86 100
4 subfamilies of famil . .
S:;aba;l; dlae: ot tamtly Rutelinae 97 96
Cetoniinae 95 100
Polyphylla 100 100
3 Hoplosternus 100 100
. . 100 0.00000316
3 genera of subfamily Rutelinae Holotrichia 100 100
Maladera 100 100
4 Blitopertha 100 100
4 genera Of subfamily 100 0.00001 Mimela 100 100
Melolonthinae Anomala 100 100
Cetonia 100 100
3 . . 100 0.001 Protaetia 100 82
3 genera of subfamily Cetoniinae
Gametis 33 100
ichi H. llel 100 100
Holotrichia 2 o 100 0.00000316 parateid
2 species of genus Holotrichia H. diomphalia 100 100
M. verticali 100 100
Maladera 2 100 0.000001 vertieats
2 species of genus Maladera M. orientalis 100 100
A. mongolica 100 100
Anomala 2 100 0.000001 &
2 species of genus Anomala A. chamaeleon 100 100
; P. cathai 100 100
Protactia 2 . 100 0.000001 catatea
2 species of genus Protaetia P. brevitarsis 100 100
96.04% Protaetia
4
98% 97% 95% Cetonia
86% Protaetia
Gametis
9% 23 BETNERIFLR
. ); v UE £R
100% 4
5
4
Holotrichia 2 Maladera 2 4 Polyphylla
Anomala 2 Protaetia 2 6 P laticollis
Hoplosternus
100% 1
3 Polyphylla
Cetonia Protaetia 100% 4
100% Gametis 33% Gametis
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Table 5 NIR discriminant models' projections based on SVM of chafers
Forecast of the models
Model Taxon % Recognition rate % Rejection
rate
Melolonthinae 100 100
4 Dynastinae 100 100
4 subfamilies of family Scarabacidae Rutelinae 100 100
Cetoniinae 100 100
Polyphylla 0 100
3 Hoplosternus 100 92
3 genera of subfamily Rutelinae Holotrichia 100 100
Maladera 100 100
A Blitopertha 100 100
4 genera of subfamily Melolonthinae Mimela 100 100
Anomala 100 100
; Cetonia 100 100
3 genera of subfamily Cetoniinae Protactia 100 100
Gametis 100 100
Holotrichia 2 H. parallela 100 100
2 species of genus Holotrichia H. diomphalia 100 100
Maladera 2 M. verticalis 100 100
2 species of genus Maladera M. orientalis 100 100
Anomala 2 A. mongolica 100 100
2 species of genus Anomala A. chamaeleon 100 100
Protaetia 2 P. cathaica 100 100
2 species of genus Protaetia P. brevitarsis 100 100
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