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Extraction and analysis of numerical characteristics from forewings
of three plant hopper species (Homoptera: Ricaniidae)
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Abstract [Objectives] To investigate if contour features of the forewings of three Ricaniidae plant hopper species, one of
the most important families of pests in orchards, tea plantations, and horticultural plants, can be used to reliably identify an
individual’s species and sex. [Methods] Morphological features of the forewings of the three plant hopper species were
extracted by image processing and analysis technology and the data analyzed in SPSS v22.0. [Results] There was no
significant difference in the contour morphological parameters of the left and right wings of one species. However, there was a
difference in these parameters between female and male adults of the other two species. Except for the perimeter measurement
in Euricania clara, differences in five actual measurements were either significant, or extremely significant, between females
and males. Except for the circularity measurement of males and the perimeter measurement, differences in other parameters
were also significant, or extremely significant, between species. Canonical discriminant analysis indicates that these three pest
species can be distinguished by their forewing contour features with an accuracy from original and cross validation
discrimination of more than 90%. [Conclusion] Three kinds of plant hoppers can be reliably identified by the contour
features of their forewings, which provides a method for the automatic identification and population monitoring for these pests.
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Fig.1 Forewings from three plant hopper species
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A. Ricania sublimbata; B. Ricania speculum; C. Euricania clara.
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Fig.2 Comparison results of morphological parameters about forewings of
male and female from three plant hopper species
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A, B. R sublimbata; C, D. R. spechlum; E, F. E. clara. The data in the figure are mean+SD; ** indicates significantly
different at 0.01 level, * indicates significantly different at 0.05 level, and the ns indicates no significant difference between

different sexual samples in one species. Ar: Area; Pe: Perimeter; LA: Long axis; SA: Short axis; Eq: Equal radius; Ec:
Eccentricity; Co: Compactness; Sp: Sphericity; Lo: Lobation; Ci: Circlularity.
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Fig.3 Difference of morphological parameters of forewings from thre
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The data in the figure are mean+SD. Histograms with different letters within one group indicate significant difference
between species, while same letters indicate no significant difference at 0.05 level. Ar: Area; Pe: Perimeter; LA: Long axis;
SA: Short axis; Eq: Equal radius; Ec: Eccentricity; Co: Compactness; Sp: Sphericity; Lo: Lobation; Ci: Circlularity.
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Table 1 Results of canonical discriminant analysis about different data sets from three plant hopper species

TR 52 (% ) Predicted group membership (%)

Data types Species R T R
R. sublimbata R. spechlum E. clara
LR B ! Jiit fili B R, sublimbata 98.6 0.0 1.4
Aggregate data Original S R, spechlum 0.0 95.0 5.0
EW MBS E. clara 0.0 0.7 99.3
2 SURAIE ° i) B R, sublimbata 98.6 0.0 1.4
Cross-validated ) gyt R, spechlum 5.0 90.0 5.0
EW TS E. clara 0.0 0.7 99.3
FBRI B > A Fili) @B R, sublimbata 98.6 0.0 1.4
dD;tht measurement - Original J @B R, spechlum 10.0 80.0 10.0
EW ML E. clara 0.0 0.7 99.3
ZEXHIE®  AiEE R R sublimbata 98.6 0.0 1.4
Cross-validated )\ ;i it R. spechium 10.0 80.0 10.0
EW MBS E. clara 0.0 0.7 99.3
TR HE Jihh i)k R, sublimbata 97.8 0.0 2.2
Secondary data Original JUS Tk R, spechlum 55.0 40.0 5.0
FEW MBS E. clara 8.0 0.7 91.3
2 SURAIE ° i) B R, sublimbata 97.8 0.0 22
Cross-validated v - gean R spechlum 65.0 30.0 5.0
B IR E. clara 8.0 0.7 91.3

: 98.6%1EH 4 IS B LR A LA

%5 a2: 97.6% LA IRLR 4414

%5 a3: 90.9%IERI KA I THANZE; be

flﬁéj‘ﬁ*ﬁ‘]’l‘%ﬁﬁﬁl%‘ﬁo TES IR, R RARIEIE A TA SR (BR TIN5 ) RT3 el

98.3%1E 2 A58 LG IE A%
AR

c2: 97.6% IEM/IMIAE X HUET A2 30 90.2%IE M1 /325 1 28 LBk 43

al: 98.6% of original grouped cases correctly classified; a2: 97.6% of original grouped cases correctly classified; a3: 90.9%
of original grouped cases correctly classified; b: Cross validation is done only for those cases in the analysis. In cross
validation, each case is classified by the functions derived from cases other than that case. cl: 98.3% of cross-validated
grouped cases correctly classified; c2: 97.6% of cross-validated grouped cases correctly classified; ¢3: 90.2% of cross-

validated grouped cases correctly classified.
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*F'J#lljﬂJ/\*ﬁvJUJ FEXT 3 Ffli ARE AR AT 4320 A
S, Joie S Pr R . —oEdE el R 2
BB, LR E 50 0 B8 SUIGHIE A 1) 1Y) 1IE A
ML 90%. Forr, i FHZE G5 128 S IE )
IEHf R = 98.3%, SERRIN R K 97.6%,
TIRBHECH 90.2%.
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