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Morphometric analysis of
forewing venation does not
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leafhopper tribes Typhlocybini
and Zyginellini
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Entomological Museum, College of Plant Protection, Northwest A&F University, Xianyang, Shaanxi,
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Tribes of the leafhopper subfamily Typhlocybinae have traditionally been

defined based on differences in hind wing venation, but the forewing

venation also differs among some tribes. Here we used geometric

morphometric analysis to determine whether previously recognized tribes can

be distinguished based on the configuration of forewing veins. Focusing on

the apical area of the male right forewing, 76 semi-landmarks in six curves

corresponding to individual wing veins were measured for representatives

of four previously recognized tribes and the data were analyzed using

principal component analysis (PCA), canonical variable analysis (CVA), and

UPGMA clustering analysis. The study showed that differences in the

apical area of the forewing mainly occur in RP, MP′, and MP′′ + CuA′.

PCA, CVA, and cluster analysis showed three distinct clusters representing

tribes Empoascini, Erythroneurini, and Typhlocybini (sensu lato) but failed

to distinguish Typhlocybini (sensu stricto) from Zyginellini, which has

been considered as either separate tribe or a synonym of Typhlocybini

by recent authors. The results show that the forewing venation differs

among tribes of Typhlocybinae, but also agree with recent molecular

phylogenetic analyses, indicating that Zyginellini is derived from within

Typhlocybini.
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Hemiptera, Cicadellidae, Typhlocybini, Zyginellini, geometric morphology, apical
area of forewing

Frontiers in Ecology and Evolution 01 frontiersin.org

https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://www.frontiersin.org/journals/ecology-and-evolution#editorial-board
https://doi.org/10.3389/fevo.2022.1003817
http://crossmark.crossref.org/dialog/?doi=10.3389/fevo.2022.1003817&domain=pdf&date_stamp=2022-09-30
https://doi.org/10.3389/fevo.2022.1003817
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fevo.2022.1003817/full
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/


fevo-10-1003817 September 26, 2022 Time: 16:40 # 2

Wen et al. 10.3389/fevo.2022.1003817

Introduction

The leafhopper family Cicadellidae is one of the 10
largest insect families, and is widely distributed in across all
zoogeographical regions (Balme, 2007). Typhlocybinae is the
second largest subfamily in this family (after Deltocephalinae),
comprising about 6,000 described species (Lu et al., 2021).
Typhlocybinae includes many important agricultural pests,
which injure plants by sucking the sap and spreading plant
diseases (Zhou et al., 2020).

The taxonomic classification of Typhlocybinae was long
controversial with various scholars proposing alternative
arrangements of genera into tribes based on study of different
regional faunas and morphological characters (Distant, 1908;
Matsumura, 1931; McAtee, 1934; Oman, 1949; Young, 1952;
Mahmood, 1967; Mahmood and Ahmed, 1968; Ahmed, 1983;
Ruppel, 1987).

Most recent authors follow the classification of
Dworakowska (1979), who proposed the recognition of six
tribes, i.e., Alebrini, Dikraneurini, Empoascini, Erythroneurini,
Typhlocybini, and Zyginellini, mainly according to the venation
of forewing and hind wing. In this classification, Zyginellini
are distinguished from Typhlocybini by the hind wing with
one cross vein. Some authors have suggested that Zyginellini
is an artificial group and should be considered a synonym of
Typhlocybini (Ahmed, 1983; Balme, 2007; Dietrich, 2013).
Recent molecular phylogenetic analyses of Typhlocybinae have
either recovered Zyginellini as a monophyletic sister group
of Typhlocybini (Lu et al., 2021) or as a polyphyletic group
comprising different lineages derived from within Typhlocybini
(Yan et al., 2022). Therefore, additional analyses are needed to
clarify the status of Zyginellini.

To explore the relationship of Typhlocybini and
Zyginellini based on their wing venation, here we analyzed
the configuration of apical forewing veins using geometric
morphometrics.

The forewing of Typhlocybinae may be divided into three
regions: clavus, basal part of corium and apical part of corium.
The arrangement of veins in the basal region of the forewing
is relatively simple, with only the three longitudinal veins, i.e.,
R, MP, and CuA, and varies little among tribes (Figure 1A).
The apical region is delimited by transverse veins and has three
longitudinal veins, RP, MP′, and MP′′ + CuA′, divided into four
apical cells of variable shape. From the hind margin to costal
margin, these cells are numbered from 1 to 4 (Figure 1A). The
branching of the longitudinal veins, their relative length, and
the relative size of each apical cell are generally stable within a
genus but vary among genera and, therefore, have been useful in
taxonomy (Zhan, 2014).

Geometric morphometric methods allow quantitative
comparison of morphological structures (Bai et al., 2014) by
using statistical analyses of measurement data to reveal patterns
of similarity and difference in shape. Most available methods use

variation in the relative positions of morphological landmarks
thought to be homologous in order to describe shape differences
quantitatively and describe transformations in shape that may
reflect evolutionary change (Zelditch et al., 2004).

Here we used landmark-based measurements of the
forewing apex of Typhlocybinae to characterize shape
differences in venation species and among genera and assess
the degree of congruence between wing characteristics and
taxonomic classification with special reference to the tribes
Typhlocybini and Zyginellini.

Materials and methods

Taxa examined

The study analyzed 241 species representing 42 genera
(344 samples) of Typhlocybini and 85 species of 28 genera
(100 samples) of Zyginellini (Table 1). Since the number of
transverse veins on hindwing is an important taxonomic feature,
we divided Typhlocybini into two groups which one with two
transverse veins and other one with three transverse veins on
hindwing. There were 157 species of 33 genera (234 samples)
of the Typhlocybini with two transverse veins on the hindwing,
and 84 species of 9 genera (110 samples) of Typhlocybini with
three transverse veins on the hindwing. Erythroneurini and
Empoascini were selected as outgroups based on the results of
recent phylogenetic analyses (Lu et al., 2021; Yan et al., 2022)
with 2 genera, 3 species, and 17 samples from Erythroneurini
and 2 genera, 2 species, and 10 samples from Empoascini
included.

Image acquisition and pre-processing

In order to reduce the error, we uniformly selected the
male right forewing. All study images were collected from
the entomological museum of Northwest A&F University
(NWAFU, China) and literatures. The right forewing of the
specimen of each species was gently pried off with a dissecting
needle. Then, the wing was put into a glass dish filled with
75% alcohol and cleaned with a brush. The cleaned wing was
put on the cover slip by a pipette, before the alcohol drying,
covered with another cover slip, then it was put in a carton
and sealed with white glue. The sealed cover slips were left for
3 h to ensure that there was no alcohol between cover slips
before the photo was taken. Finally, the advanced stereoscopic
microscope system (Zeiss, Oberkochen, Germany) was used to
take the pictures of forewings to obtain pictures. Slide-mounted
forewings were then photographed with images (TIFF files)
saved at 96 dpi. To facilitate accurate representation, images
from literature were only used if the forewing were not covered
or blurry and the images possessed adequate resolution (the
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FIGURE 1

Description of the curves on the apical area of forewing of Typhlocybinae used in the geometric morphometric analysis [right forewing of
Aguriahana triangularis Matsumura, 1932 (left picture) and Parathailocyba orla Dworakowska, 1977 (right picture)]. (A) The apical area of
forewing venation described by the six curves in red, black, yellow, white, pink, and mazarine blue are ScP + RA, RP, MP′, MP′ ′ + CuA′, CuA′, and
CuA′ ′, respectively (main venation of wings). (B) Curves 1 and 6 are 7 equally spaced semi-landmarks, curves 2, and 3 are 20 equally spaced
semi-landmarks, curve 4 are 15 equally spaced semi-landmarks, and curve 5 are 5 equally spaced semi-landmarks.

smallest one was 96 pixels). For the convenience of analysis,
the pictures were numbered that A represents Typhlocybini
with two transverse veins on the hindwing, B represents
Typhlocybini with three transverse veins on the hindwing,
C represents Zyginellini, D represents Erythroneurini, and E
represents Empoascini.

All images acquired were input into tps-UTIL (Rohlf,
2006b), and the shapes of branches of apical forewing veins were

digitized with tps-DIG (Rohlf, 2006a). Six curves were extracted
from apical area of forewing as shown in Figure 1A. Curve
1 is vein ScP + RA, curve 2 is vein RP, curve 3 is vein MP′,
curve 4 is vein MP′′ and MP′′ + CuA′, curve 5 is vein CuA′′,
and curve 6 is vein CuA′′. Curves 1 and 6 are divided into
7 equally spaced semi-landmarks, curves 2 and 3 are divided
into 20 equally spaced semi-landmarks, curve 4 is divided into
15 equally spaced semi-landmarks, and curve 5 is divided into
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TABLE 1 Representative taxa selected in this study.

Tribe Genus Species Number of
species

Number of
samples

Typhlocybini Agnesiella aino, juglandin, lyraeformis, marginate, matsumurai, nitobella, alni,
azra, bupa, decorate, eleganta, erosa, farida, fatima, gaura, irrma,
jammuensis, kamala, latusa, lavanya, longisagittata, magda,
quinquemaculata, rita, roxana, savita.

26 49

Amurta mirabilis, nigrofasciata, quinlani, upunctata. 4 7

Baaora aberranta, borealis, dworakowskae, fusca, garhiensis, nigritergita,
orientalis, quadrimaculata, tortuosa, variata.

10 16

Bolanusoides tuahangata, bir, bohater, gieroy, sankari, bator, heros, meekoa. 8 8

Byphlocyta nigropunctata 1 1

Direnaia quadripunctata 1 3

Edwardsiana commissuralis, crataegi, elburzica, munda, rosae, sharfi. 6 8

Empoa aglaie, omani, punicea, saffrana, scripta, unifasciata, venusta, aglaie,
fumapicata, punicea, albifascia.

11 12

Eupterella huachucae, mexicana. 2 2

Euzyginella marki 1 1

Farynala malhotri, novica, palina, starica. 4 7

Gratba astrata 1 1

Guheswaria colorata, kalyaniae. 2 2

Henribautia nigricephala 1 1

Hiratettix arisanellus, malaise, matsumurai. 3 7

Limonella nigra 1 1

Lindbergina tarsalis 1 1

Linnavuoriana decempunctata, malicola, sexmaculata, antiqua. 4 5

Marcelcyba wulina 1 1

Meketia bellula 1 1

Opamata kwietniowa, lipcowa, styczniowa. 3 6

Paracyba akashiensis, soosi. 2 2

Parafagocyba binaria 1 4

Pseudhadina amazonica 1 1

Ribautiana tenerrima, trifurcate, ulmi. 3 3

Sannella bifasciata, crucifera, hemirugosa, immaculata, octopunctata, otiosa. 6 12

Shamala prospecta, mikra, shamalae. 3 3

Thampoa alata, arborella, bannaensis, dissimilis, foliacea, guttata, innotata,
quinquemaculata, rotara, serrata, tiani, triangularis, trifasciata.

13 21

Typhlocyba afghani, africana, arborea, babai, chandrai, coronulifera, dama,
equata, ethiopica, ghanii, medleri, montana, nigeriana,
quadriappendicula, quercus, quercussimilis, rahmani, simlensis, tata,
triannulata, tubercula, warana, yacaba.

23 25

Vatana fusca, ogromna, serrata. 3 8

Warodia biguttata, gregoryi, hoso. 3 5

Xaniona cerina, galacta. 2 5

Zorka agnesae, ariadnae, bicornis, maculate, miltimaculata. 5 5

Aguriahana adusta, aptera, digitata, distanti, dubia, flava, forficata, grisea,
hybrida, kaghanensis, nigra, paivana, pictilis, picta, pini, pteridis,
quadridens, shaanxiensis, sichuanensis, simplex, stellulata,
triangularis, wutyshana, youngi, yunensis.

25 32

Almunisna bulbosa 1 1

Bellpenna meifengensis 1 1

Caknesia glarusa, sichuanensis, wajha. 3 9

Comahadina angelica 1 4

(Continued)
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TABLE 1 (Continued)

Tribe Genus Species Number of
species

Number of
samples

Eupteryx abzaga, agatkae, artemisiae, atropunctata, bharatiae, calcarata, confusa,
corsica, dlabolai, fahringeri, heydenii, kaghanensis, longicephala,
melanocephala, melissae, minuscula, multifaciata, notata, occidentalis,
parasensis, pentavittatus, seiugata, stachydearum, undomarginata,
ahmedi, albonigra, hela, janeki, raczka.

29 36

Eurhadina alba, callissima, concinna, fujiana, japonica, kirschbaumi, koreana,
loewii, pulchella, ribauti, wagneri, chiengdaoa, fasciata, flavistriata,
nasti, ornate, punjabensis, quarta, spinifera, tripunctata, xantha, sinica.

22 25

Knightipsis knighti 1 1

Wagneriunia thecata 1 1

Zyginellini Ahimia albonigra 1 1

Borulla gracilis 1 1

Castoriella evansi, korolevskayae, mitjaevi. 3 3

Dlabolaiana detectata 1 1

Dworakowskaia hainanensis 1 1

Hellerina notata, ptasia. 2 2

Kuantaochia insolita, pulchra. 2 2

Lautereriana nigroscutellata 1 1

Limassolla gratiosa, krasna, krasna insulana, malgaska, perforate, schmitzi, varsha,
aureata, bengalensis, bielawskii, dostali, erythromaculatus, galewskii,
knighti, lanyua, lingchuanensis, multimacula, lingchuanensis,
multipunctate, varians, zelta, zhangi.

22 26

Lowata bifasciata 1 1

Mordania lutea, scutellaris. 2 2

Muluana jarka 1 1

Narta seroka 1 1

Parallelus rubrolineatus 1 1

Parathailocyba orla 1 6

Parazyginella lingtianensis 1 5

Polluxia dlabolai, okalii, vultuosa. 3 3

Ramakrishnania ushae 1 1

Sundara lautereri, longicephala, luciphila, mianiensis, planifrons. 5 5

Sylhetia punctata 1 1

Tafalka bosa 1 1

Takagiana crinita 1 1

Tataka boulardi, bredoi, politzari, tripunctata. 4 4

Thailocyba bilobular, boa, elbeli, longilobula. 4 4

Wiata asiatica, minima, musica, orientalis, pallida, prima. 6 7

Yangida basnetti, fasciata. 2 2

Yangisunda dworakowskaia, ramose, tiani. 3 3

Zyginella africana, angusta, citri, dworakowskae, insecata, mali, minuta,
nadobna, pulchra, taiwana, tsauri, vietnamica.

12 13

Erythroneurini Empoascanara dissimilis, dwalata. 2 12

Ziczacalle heptapotamica 1 5

Empoascini Empoascaluatsumurasal thapae 1 5

Ghauriana sinensis 1 5

5 equally spaced semi-landmarks (Figure 1B). We used the
method of Bardua et al. (2019) to solve the problem of absence
of certain transverse veins in some genera: in cases where the

transverse vein is present, we marked both ends of the veins;
where the transverse vein is absent, we marked two points at
the point of fusion of the veins (respectively: light blue dots and
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red dots) that only for preserves the location of the crossvein
(Figure 1).

Because some analytical software cannot use semi-landmark
data, so data captured for semi-landmark points were converted
to landmarks using a text editor (MacLeod, 2017). The specific
operations performed are as follows: deleting the curve and the
number of points, replacing points with landmark, modifying
the ID, and saving the information in a folder for subsequent
analysis (Tong et al., 2021).

The wing venation terminology follows Dworakowska
(1993).

Morphometric analyses

The landmark data were imported into tps-SMALL (Rohlf,
2003), and the distribution of points in tangent space was
compared with that of shape space (Rohlf, 1999; Slice, 2001).
Landmark coordinates were aligned using the Procrustes
superposition method in MorphoJ 1.04 software (Klingenberg,
2011). Procrustes superposition is used to rotate, translate, and
scale configurations, remove information other than shape, and
superimpose objects in a common coordinate system (Rohlf,
1999; Slice, 2001; Adams et al., 2004).

Principal component analysis (PCA), canonical variable
analysis (CVA), and cluster analysis were used. Among them,
PCA and CVA were analyzed in MorphoJ (Klingenberg, 2011),
and cluster analysis was performed in PAST 4.04 (Hammer
et al., 2001). A spatial geometric model was created using
PCA and the PC axes were used to explain the shape change
of the veins of the forewing apex of individuals (Shi and
Macleod, 2016; Tong et al., 2021). The purpose of CVA
is to simplify the description of differences among groups.
Cluster analysis was performed by first calculating the average
landmark configuration using tps-SUPER (Rohlf, 2004) and
then importing these data into tps-SMALL to calculate the
Procrustes distances. Procrustes distance were imported into
PAST software, and cluster analysis was performed using
distance matrices using the unweighted pair-group method with
arithmetic means (UPGMA) to determine phenotypic similarity
among species (Rohlf, 2002; Cardini and O’higgins, 2004; Bai
et al., 2011). Procrustes distance has been considered the best
way to measure shape differences between taxa (Pretorius and
Scholtz, 2001; Bai et al., 2011).

Results

Procrustes distance analysis in tps-SAMLL showed that
there is a strong correlation between tangent space and shape
space, with a correlation between tangent space (Y) regression
and Procrustes distance of 0.999952.

Based on the landmark information, a PCA was performed
on measurements taken from the apical area of the forewing.

A total of 148 principal components were obtained, of which
the first two (PC1 and 2) accounted for 36.171 and 15.319%
of the total variation, respectively. As shown in Figure 2,
a large number of individuals Typhlocybini and Zyginellini
strongly overlap on both PC1 and 2 while individuals of
Erythroneurini and Empoascini are well separated from each
other and distributed on the right side of 0.2 the positive
direction of PC1. This largely reflects the greater elongation
of the inner apical cell (particularly vein MP′′ + CuA′) in the
latter two tribes. The distortion graph (Figure 2) showed that
variation on PC1 is explained by differences in the relative
length of Curves 2 and 4 while variation along PC2 mostly
reflects the degree of separation of Curves 2 and 3. As a
result of these changes, the 1st and 3rd apical cells are either
decreasing or increasing in size, while the 2nd and 4th apical
cell are either expanding or contracting. This result showed no
obvious differentiation between Typhlocybini and Zyginellini in
venational configuration.

A total of 15 principal components were obtained in CVA,
of which the first two (CV1 and 2) accounted for 59.890
and 19.173% of the total variation, respectively. As shown in
Figure 3, Typhlocybini and Zyginellini strongly overlap on
both CV1 and 2 while Erythroneurini and Empoascini are well
separated from each other and distributed the negative direction
of CV1. Combined with the distortion graph (Figure 3), it can
be seen that the results of CVA performance are consistent with
PCA. This result also shows no obvious differentiation between
Typhlocybini and Zyginellini in venational configuration.

Unweighted pair-group method with arithmetic means
cluster analysis based on the average landmark configurations
yielded the phenogram in Figure 4. The results showed
that when the distance is around 2.0, the four tribes are
divided into two main clusters, one comprising Erythroneurini
and Empoascini, and the other comprising Typhlocybini and
Zyginellini. When the distance is about 0.8, Erythroneurini
and Empoascini are separated. The genera of Erythroneurini
and the genera of Empoascini separated, the distance is about
0.5 and 0.4, respectively. But Typhlocybini and Zyginellini are
mixed, with members of the different tribes scattered among
multiple clusters. The genera of Typhlocybini and the genera of
Zyginellini first branched, the Procrustes distance is about 1.0.
Based on the phenogram and the results from PCA and CVA,
Zyginellini cannot be separated from Typhlocybini based on the
forewing venation.

Discussion and conclusion

The classification status of Zyginellini

On the phenogram (Figure 4), Typhlocybini and Zyginellini
group together on a single large branch and genera of
Zyginellini are scattered among members of Typhlocybini,
in agreement with a recent molecular phylogenetic analysis
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FIGURE 2

Principal component analysis (PCA) scores and shape changes of the four tribes of Typhlocybinae: A, Typhlocybini (2 hind wing crossveins); B,
Typhlocybini (3 hind wing crossveins); C, Zyginellini; D, Erythroneurini, E, Empoascini.

(Yan et al., 2022) showing that different genera of Zyginellini
are derived from independent branches within Typhlocybini.
Although these tribes may be separated by the hind wing
venation (Dworakowska, 1979) and another recent molecular
phylogenetic study (Lu et al., 2021) provided some support
for the monophyly of both tribes, some Neotropical species of
Typhlocybini may have Typhlocybini-like venation on one hind
wing and Zyginellini-like venation on the other hind wing of the
same individual (Dietrich, 2013), suggesting that this character
is unstable. Balme (2007) and Dietrich (2013) previously
proposed Zyginellini as a junior synonym of Typhlocybini
based on morphological and molecular data. Our morphometric

analyses of the apical area of the forewing of 326 species
representing 70 genera previously placed in Typhlocybini and
Zyginellini also support treating these two tribes as synonyms.

Taxonomic significance of forewing
venation in Typhlocybinae

The forewing venation of Typhlocybinae is simplified
compared to that of other leafhopper groups. It has only three
primary veins on the basal area and four cells on the apical
area, with the appendix present only in the tribe Alebrini. The
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FIGURE 3

Canonical variable analysis (CVA) scores and shape changes of the four tribes of Typhlocybinae: A, Typhlocybini (2 hind wing crossveins);
B, Typhlocybini (3 hind wing crossveins); C, Zyginellini; D, Erythroneurini, E, Empoascini.

patterns of venation in this group have rarely been traditionally
used to characterize tribes.

Recent molecular phylogenetic analyses (Lu et al., 2021;
Yan et al., 2022) suggested that some venational characters
used for taxonomy are homoplastic. Nevertheless, Bourgoin
et al. (2015) argued that such characters can be useful if they
are carefully analyzed in terms of homology. Variation in the
forewing apical area of Typhlocybinae including the shapes

of apical cells and branching sequence of veins includes a
large amount of geometric information that represent useful
taxonomic characters.

In present study, we used morphometric analysis
to determine whether tribes of Typhlocybini can be
differentiated based on the forewing apical area. Dworakowska
(personal communication) previously divided genera of the
Typhlocybini into several generic complexes according to the

Frontiers in Ecology and Evolution 08 frontiersin.org

https://doi.org/10.3389/fevo.2022.1003817
https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/


fevo-10-1003817 September 26, 2022 Time: 16:40 # 9

Wen et al. 10.3389/fevo.2022.1003817

FIGURE 4

Phenogram of the four tribes of Typhlocybinae based on unweighted pair-group method with arithmetic means (UPGMA) clustering of
Procrustes distances.

characters of wings and genitalia; Huang and Zhang (2006)
reconstructed the genetic level phylogenetic relationship by
the morphological characteristics and the results confirmed
the validity of most of these informal complexes, including the
Linnavuoriana complex which with body outline fusiformis,

male subgenital plate without macroseta that are autamorphic
characters of this complex. In this study, members of the
Linnavuoriana complex, i.e., Vatana, Linnavuoriana, Amurta,
and Agnesiella, clustered together (Figure 4), supporting
previous studies.
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On the other hand, in the traditional classification of
Typhlocybinae, Eupterygini, distinguished by some previous
authors from Typhlocybini (sensu stricto) according to the hind
wing with three transverse veins (McAtee, 1934) accepted in
a short duration, and Zyginellini, was proposed according to
the hind wing with a transverse vein (Dworakowska, 1979),
but both of these two tribes were treated as junior synonyms
of Typhlocybini by later authors (Balme, 2007; Dietrich, 2013)
and did not form distinct clusters (Figure 4, denoted by “B”
and “C,” respectively) in present study, in agreement with recent
molecular phylogenetic results (Lu et al., 2021; Yan et al., 2022).
It also indicates that compared with the number of transverse
veins on the hind wing, the venation on the forewing is more
stable.

Moreover, the results of differentiating tribes based on
the character of forewing apical veins in present study also
support the result by the male genitalia. As Figures 2–4
showed, outgroups of tribes Erythroneurini and Empoascini
are distinctly separated from the ingroups, excepting the
distinct differences on the venation, they have numerous
macrosetae on the pygofor or subgenital plate, developed
anal process and simple aedeagus, while to Typhlocybini and
Zyginellini, they share these characters that have less macrosetae
just on subgenital plate or even absent, seldom with anal
process, aedeagus usually with developed and complex process.
Excepting the number of transverse veins on the hind wing, we
hardly differentiate Typhlocybini and Zyginellini.

Therefore, we believe that the characteristics of forewing
apical veins are reliable and they should be considered in the
further studies on the phylogenetic analysis and the evolution
of Typhlocibinae.

The application of morphometrics to
classification

Geometric morphometrics has been widely used in
insect classification, and wing shape and venation are the
most frequently selected features (Yan, 2011; Janczyk et al.,
2020). Such analyses have also been used for phylogenetic
reconstruction (e.g., Zhan, 2014) but they have not previously
been used for distinguishing groups of typhlocybine
leafhoppers. Although the tribal classification of Typhlocybinae
has traditionally been based mostly on characters of the hind
wing venation, the forewing also offers useful characters for
recognizing tribes, as shown by our results. In our analysis a
total of 76 semi-landmarks points were selected to represent
geometric shape information of the forewing tip region. The
results of our study confirmed that tribes Erythroneurini
and Empoascini are significantly different from each other
and from Typhlocybini in the configuration of forewing
veins but that two groups of Typhlocybini traditionally
considered to be separate tribes (Eupterygini and Zyginellini)

cannot be consistently differentiated based on forewing
venation.
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