Proceedings of the Zoological Institute RAS
Vol. 324, No. 1, 2020, pp. 146161
10.31610/trudyzin/2020.324.1.146

UDK 595.753

New insights into the molecular phylogeny and taxonomy of the family Issidae
(Hemiptera: Auchenorrhyncha: Fulgoroidea)

V.M. Gnezdilov'*, F.V. Konstantinov’? and S.Y. Bodrov'

1Zoological Institute, Russian Academy of Sciences, 1 Universitetskaya Emb., Saint Petersburg 199034, Russia;
e-mails: vgnezdilov@zin.ru, vmgnezdilov@mail.ru

2Saint Petersburg State University, 7/9 Universitetskaya Emb., Saint Petersburg 199034 Russia;
e-mail: f.konstantinov@spbu.ru

ABSTRACT

The phylogenetic relationships among major lineages of the planthopper family Issidae were explored by analyzing
a molecular dataset of nine fragments (COI, CytB, 12S, H3, 16S, 18SII, 18SIII, 28S D3-D5, 28S D6-D7) and
48 terminal taxa. Bayesian and Maximum likelihood analyses yielded similar and mostly well-resolved trees with
moderate to high support for most branches. The obtained results suggest subdivision of the family Issidae Spinola
into two subfamilies, Issinae Spinola, 1839 (= Thioniinae Melichar, 1906, = Hemisphaeriinae Melichar, 1906)
and Hysteropterinae Melichar, 1906. The Issinae was clustered into the tribes Issini Spinola, 1839, with the sub-
tribes Issina Spinola, 1839 and Thioniina Melichar, 1906, Sarimini Wang, Zhang et Bourgoin, 2016, Parahiraciini
Cheng et Yang, 1991, Hemisphaeriini Melichar, 1906, and Kodaianellini Wang, Zhang et Bourgoin, 2016. The
Hysteropterinae incorporates the rest of Western Palaearctic taxa except Issina. Chimetopini Gnezdilov, 2017,
stat. nov. is elevated to tribe from the subtribal level. Most well-supported clades showed clear geographical patter-
ing. Newly obtained data contradicts the scenario of an early split of American Thioniinae from other Issidae and
possible origin of the family in the New World, while the combination of Palaearctic Issus Fabricius and Latissus
Dlabola with Oriental and American taxa in one well supported clade may serve as an evidence for a common an-
cestor for extant Oriental, American, and Palaearctic issids.
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PE3IOME

BoisBieHBl (DUIOTeHETUYECKE OTHOIIEHWS CPEAU OCHOBHBIX TPYNI ceMeiicTBa Issidae mo pesyiabraTam
ananusa 9 reansix ¢pparmentos (COI, CytB, 12S, H3, 16S, 18SII, 18SIII, 28S D3-D5, 28S D6-D7) u 48
BuzoB. Mcnoab3oBanue BaiiecoBa aHanu3a u aHain3a MaKCUMAJTbHOTO MPABAOMNON0OHS TTO3BOJUIIU TOJY-
YUTH CXOXKUE U, B OCHOBHOM, XOPOIIIO Pa3PelleHHbIE IPEBECA C YMEPEHHON MU BHICOKON MOIAEPIKKOIM 6OJIb-
mMUHCTBA BeTBeil. [loyyeHHBIe Pe3yNbTaThl MO3BOJSAIOT MOAPa3aeauTh ceMeiictBo Issidae Spinola Ha nBa
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nmoaceMelicTBa — Issinae Spinola, 1839 (= Thioniinae Melichar, 1906, = Hemisphaeriinae Melichar, 1906) u
Hysteropterinae Melichar, 1906. IToncemeiicTo Issinae B cBoOIO ouepesb pacnagaercs Ha TpubsI Issini Spinola,
1839, ¢ moaTpubamu Issina Spinola, 1839 u Thioniina Melichar, 1906, Sarimini Wang, Zhang et Bourgoin, 2016,
Parahiraciini Cheng et Yang, 1991, Hemisphaeriini Melichar, 1906 u Kodaianellini Wang, Zhang et Bourgoin,
2016. [ToxcemeiictBo Hysteropterinae o6bequHsIET BCE 3aIIaIHONAIEAPKTUYECKHNE TAKCOHBI 33 UCKJIIOYEHU-
eM Issina. Chimetopini Gnezdilov, 2017, stat. nov. mossiineHa B panre g0 Tpubbl. Kinazasl ¢ HauboabLiei moa-
NePKKOI TIOKa3BIBAIOT sIBHBIE Teorpaduyeckue maTTepHbl. [lomydyeHHbIe TaHHbIE TPOTHBOPEYAT CIEHAPHIO
paHHero oTHeseHust amepukaHckux Thioniinae ot gpyrux Issidae 1 BO3MOKHOMY BO3HUKHOBEHUIO CEMENCTBA
B HoBoMm Caerte, B TO BpeMs Kak KoMOMHanus naaeapktudeckux Issus Fabricius u Latissus Dlabola ¢ opuen-
TaJbHBIMU U aMEPUKAHCKUMU TaKCOHAMU B COCTaBe OJHOI, XOPOIIIO TOAIepKaHHOM Kaaabl Issinae, cBume-
TEJCTBYET B [I0JIb3Y CYIIECTBOBAHUSI 0OMIEro MpeaKa [IJisi COBDEMEHHBIX ODUEHTAIbHBIX, AMEPUKAHCKUX U
majeapKTUYeCKUX UCCHU/L.

Key words: Hyteropterinae, Issinae, Issina, Issini, mosiekynsipuas ¢usorenus, cucremaruka, Thioniina

INTRODUCTION

The family Issidae Spinola, 1839 is a worldwide
distributed group of planthoppers with more than
1000 species described in nearly 200 genera (Gnez-
dilov 2013a, 2016a; Bourgoin 2019) authentically
known since Eocene (Gnezdilov and Bourgoin
2016). The Western Palaearctic and Oriental regions
harbour the richest faunas of the family while the
Afrotropical issid fauna is poor and Australian one
is still mostly undescribed (Gnezdilov 2013a, 2016a).
Apparently rich Neotropical issid fauna is still in its
initial stage of discovering (Gnezdilov 2018b, 2019a;
Gnezdilov and Bartlett 2018). In dry habitats of
Western Palaearctic region issid species are associ-
ated with trees and shrubs, e.g. Quercus, Astragalus,
Amygdalus, Atraphaxis, Spiraea, and Echinospartum
species, and grasses, e.g. Alhagi, Artemisia, Festuca,
Tanacetum species etc. (Emeljanov 1969, 1978;
Dlabola 1980; Mitjaev 2002; Gnezdilov and Agu-
in-Pombo 2014; Gnezdilov et al. 2019). In tropical
areas issids inhabit forest canopies (Meng et al. 2013;
Gnezdilov 2015; Gnezdilov et al. 2010; Gnezdilov
and Bartlett 2018; Barringer et al. 2019), small trees
and shrubs in the forests or cereals in opened places
(Gnezdilov 2013c¢, 2016b). Some species, e.g. Agal-
matium bilobum (Fieber, 1877) and Thabena brun-
nifrons (Bonfils, Attie et Reynaud, 2001), are widely
polyphagous and were easily distributed across the
world (Gnezdilov and O’Brien 2006; Chan et al.
2013). Many issid species are peculiarly subbrachy-
pterous, with beetle-shaped forewings (Gnezdilov
et al. 2014), and flightless which makes this group of
particular importance for historic biogeography and
evolution of terrestrial biota.

The classification of the family since the group
was established by Spinola (1839) was developed by
Melichar (1906), Fennah (1954), Dlabola (1987), and
Gnezdilov (2002, 2003, 2007, 2009, 2013a, 2016c¢).
Particularly Gnezdilov (2013a) treated the family
Issidae comprising one subfamily Issinae Spinola,
1839 with three tribes — Issini Spinola, 1839, Hemi-
sphaeriini Melichar, 1906, and Parahiraciini Cheng
et Yang, 1991. The tribe Thioniini Melichar, 1906 was
placed in synonymy under Issini (Gnezdilov 2009).
Later Gnezdilov (2016¢, 2017a) resurrected the sub-
tribe Thioniina Melichar, 1906 in the tribe Issini and
erected the subtribe Chimetopina Gnezdilov, 2017
to accommodate African taxa with well-developed
hind wings. Finally Gnezdilov and Bartlett (2018)
and Gnezdilov (2018a, 2018b, 2019a) resurrected the
subfamily Thioniinae Melichar, 1906, with the tribes
Thioniini, comprising three subtribes (Thioniina,
Oronoquina Gnezdilov, 2018, Waoraniina Gnezdilov
et Bartlett, 2018), Guianaphrynini Gnezdilov, 2018,
and Cordelini Gnezdilov, 2019 (Table 1).

Despite considerable progress in taxonomic stu-
dies, no phylogenetic treatment of the group had been
published until recently. Starting from 2015 several
studies appeared dealing with phylogeny of Issidae
based on morphological (Gnezdilov 2016a, 2016c¢)
and on molecular data (Gnezdilov et al. 2015; Sun
et al. 2015; Wang et al. 2016). Before these studies
some species of the family Issidae were involved in
the molecular analysis devoted to the phylogeny of
Fulgoroidea as a whole or issidoid group of families
comprising Issidae, Caliscelidae, Tropiduchidae, No-
godinidae, and Acanaloniidae (Yeh et al. 1998, 2005;
Yeh and Yang 1999; Bourgoin et al. 1997; Urban and
Cryan 2007; Song and Liang 2013).
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Table 1. Current classification of the family Issidae.

Gnezdilov et al.

Subfamily Issinae Spinola, 1839

Subfamily Hysteropterinae Melichar, 1906

Tribe Issini Spinola, 1839

Subtribe Issina Spinola, 1839

Subtribe Thioniina Melichar, 1906

Subtribe Oronoquina Gnezdilov, 2018,

Subtribe Waoraniina Gnezdilov et Bartlett, 2018
Tribe Chimetopini Gnezdilov, 2017

Tribe Guianaphrynini Gnezdilov, 2018

Tribe Cordelini Gnezdilov, 2019

Tribe Sarimini Wang, Zhang et Bourgoin, 2016
Tribe Kodaianellini Wang, Zhang et Bourgoin, 2016
Tribe Hemisphaeriini Melichar, 1906

Subtribe Hemisphaeriina Melichar, 1906

Subtribe Mongolianina Wang, Zhang et Bourgoin, 2016
Tribe Parahiraciini Cheng et Yang, 1991

Groups of genera recognized by Gnezdilov (2016a, 2016¢).
Phylogenetic analysis is in progress.

Sun with coauthors (Sun et al. 2015) built the
first phylogenetic tree of Issidae based on sequences
of 18S and Wg of 34 species from 20 genera using
Bayesian analysis. In this study the monophyly
of Issidae was weakly supported (0.61), but three
well supported clades were recognized within the
family which corresponds to Issini sensu Gnezdilov
(2009) or Sarimini + Kodaianellini sensu Wang et
al. (2016), Hemisphaeriini, and Parahiraciini. The
two latter clades were sister groups on the tree with
a support 0.84. Unfortunately several terminal taxa
were misidentified by the authors, e.g. the species
identified as Sivaloka Distant, 1906 in fact belongs to
the genus Kodaianella Fennah, 1956, Jagannata sp.1
and Jagannata sp.2 belong to the genus Eusarima
Yang, 1994, while Kodaiana sp. in fact belongs to the
genus Thabena Stal, 1866. Correct identifications
were made by the senior author during his visit to
North-West A&F University in Yangling (Shaanxi,
China) (unpublished).

Gnezdilov with coauthors (Gnezdilov et al. 2015)
published phylogenetic study of issidoid families
of Fulgoroidea sensu Gnezdilov (2013b) based on
sequences of COI, 28S (D4, D5, and D6), and 18S
(helix 17 — helix 50) of 32 species from 29 genera of
Issidae, Caliscelidae, Tropiduchidae, Nogodinidae,
Ricaniidae, Dictyopharidae, Flatidae, and Aphro-
phoridae as an outgroup. Seventeen issid species from
14 genera were involved in this study. Parsimony
analysis revealed polyphyly of the genus Bubastia
Emeljanov, 1975. Soon after Gnezdilov (2016a)
performed a Bayesian analysis on the same dataset
and revealed sister positions of the genera Agalma-

tium Emeljanov, 1971 and Hysteropterum Amyot et
Serville, 1843 with a support 90, which resulted later
in synonymization of Hysteropterina Melichar, 1906
and Agalmatiina Gnezdilov, 2002 (Gnezdilov 2016¢).

Wang et al. (2016) provided new phylogenetic
analysis and classification of the family Issidae based
on 18S, two parts of 28S (D3-D5, D6-D7), COI
and CytB genes sequences from 79 species belong-
ing to 50 genera using both Maximum likelihood
and Bayesian analyses. According to the resulting
classification, the family Issidae was divided into
three subfamilies with seven tribes. In particular, the
subfamily Thioniinae, with the tribe Thioniini, was
reestablished to accommodate Neotropical issids as
an independent lineage sister to all other Issidae in-
cluding the subfamilies Issinae, with the tribes Issini
and Hysteropterini, for Palaearctic issids, and Hemi-
sphaeriinae, with the tribes Hemisphaeriini, Koda-
ianellini Wang, Zhang et Bourgoin, 2016, Sarimini
Wang, Zhang et Bourgoin, 2016, and Parahiraciini,
for Oriental, Australian, and African issids. American
genus Picumna Stal, 1864 was provisionally placed
in the Hemisphaeriinae as well (Wang et al. 2016).
However three years later Zhao et al. (2019) describ-
ing new genus of Hemisphaeriini suggested another
topology for the family recovering subfamily rank
for Hysteropterinae — Thioniinae, Hysteropterinae,
Issinae + Hemisphaeriinae (Zhao et al. 2019, fig. 22).
In the same paper reassessment of the subtribal divi-
sion of the Hemisphaeriini proposed by Wang with
coauthors (Wang et al. 2016) was suggested. Based
mainly on the same data Bourgoin with coauthors
(Bourgoin et al. 2018) proposed a calibrated molecu-
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lar tree of Issidae and suggested early Cretaceous
origin of the group (110 Mya) with a basal split of
the family between Neotropical taxa (Thioniinae)
and other Issidae (Issinae + Hemisphaeriinae) which
is congruent with the opening of the South Atlantic
Ocean separating South America and Africa.

Gnezdilov (2016a, 2016b) based on the analysis of
morphological and biogeographical data proposed a
phylogeny of the subtribe Issina Spinola (all Western
Palaearctic taxa included) and suggested Eocenian
origin of Issidae in the Oriental Region with the sub-
sequent dispersal to the Palaearctic region, Africa,
and Australia, and to the New World via Beringia.

Aiming to get a better understanding of phy-
logenetic relationships within Issidae and to test
previously suggested phylogenetic hypotheses we
assemble a new molecular dataset that includes 48
terminals representing all major issid clades and data
on nine fragments (COI, CytB, 12S, H3, 16S, 18SII,
18SI11, 28S D3-D35, 28S D6-D7).

MATERIAL AND METHODS

Taxon sampling

This study incorporates 48 species out of 43 ge-
nera comprising 46 ingroup taxa representing main
tribes of the family Issidae and two outgroups from
the families Fulgoridae and Kinnaridae. Thirty two
species were directly sequenced by us for nine mark-
ers, including four mitochondrial (COI, CytB, 128,
16S), and five nuclear (H3, 18SII, 18SIII, 28S D3-
D5, 28S D6-D7) fragments. Sequences of CytB, H3,
18S, 28S D3-D5, and 28S D6-D7 for 16 included
species were downloaded from NCBI and were main-
ly received by Wang et al. (2016). Voucher specimens
sequenced in this study are retained in the Auchenor-
rhyncha collection of the Zoological Institute of the
Russian Academy of Sciences in Saint Petersburg
(see Table 2).

DNA sequencing and alignment

Total genomic DNA was extracted from thoracic
musculature of the specimens preserved in 96% al-
cohol using a Termo Scientific GeneJET Genomic
DNA Purification Kit with the standard protocol.

Primer pairs used for amplification are provided
in Table 3. PCRs were performed in a 20 pL reac-
tion mixture contacting 1-2 uL of genomic DNA
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template with the following protocol: an initial dena-
turation 5" at 94 °C for 5 min, followed by 35 cycles
of denaturation in 40 s at 94 °C, 40 s annealing at
48-58° (see Table 3), 1 min elongation at 72 °C, and
a final elongation for 10 min at 72 °C. The amplifi-
cation was performed with 0.4 pM of each primer
using a ScreenMix reaction mixture (Evrogen,
Russia) containing DNA polymerase, ANTP, MgCI2
and enhancers at optimal concentrations. Amplified
fragments were purified with a PCR purification kit
(Evrogen, Russia). Purified PCR products were se-
quenced in both directions at Evrogen Inc.

All sequences were checked using BLAST
through the NCBI database (https://blast.ncbi.nlm.
nih.gov/Blast.cgi). Forward and reverse sequenc-
es were concatenated and manually verified with
Geneious Prime 2019.03 (https://www.geneious.
com). The 18S gene was sequenced in two over-
lapping parts using the coupled primers 3F-Bi and
A2-9R and subsequently spliced into one sequence.
Obtained sequences were aligned with data on 16
species taken from Genbank. The accession numbers
for all sequences are provided in Table 2. Sequence
summary statistics are given in Table 4 including
information on total /average length and base fre-
quencies. Alignment was completed using the Muscle
algorithm (Edgar 2004) and subsequently checked in
Geneious. All genes were concatenated in Sequence
Matrix 1.7.8 (Vaidya et al. 2011) to create a master
alignment of 5587 bp.

Phylogenetic analysis

Bayesian estimation search (BI) was performed
using MrBayes (Ronquist et al. 2011) on the
CIPRES Science Gateway V3.1 Portal. Two runs
with 12 chains were running simultaneously for 12 x
106 generations with 0.1 temperature setting; burn-in
was set at 25%. We applied the most complex model
GTR+G+I applied to each partition, as it usually
provides a better fit for real data (Arenas 2015; Abadi
et al. 2019). Chains were sampled every 1000 genera-
tions and the respective trees written to a tree file.
After the analysis the stdout file was checked to en-
sure that the average standard deviation of split fre-
quencies was below 0.01. Fifty-percent majority-rule
consensus trees and posterior probabilities of clades
were calculated using the trees sampled after the
chains converged. The posterior probability supports
are provided on Fig. 1.
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Table 3. Primer sequences and annealing temperatures.
Region Primer Direction Sequence Source Tm
cor 2183 Fwd CAACATTTATTTTGATTTTTTGG Simon et al. (1994) 48
UEAS8 Rev AAAAATGTTGAGGGAAAAATGTTA Lunt et al. (1996)
Cytb F Fwd GTTCTACCTTGAGGTCAAATATC
CytB Song & Liang (2013) 56
Cytb_R Rev TTCTACTGGTCGTGCTCCAATTCA
AF Fwd ATGGCTCGTACCAAGCAGACVGC
H3 Ogden & Whiting (2003) 48
AR Rev ATATCCTTRGGCATRATRGTGAC
ai Fwd AAACTAGGATTAGATACCCTATTAT
12S Simon et al. (1994) 48
bi Rev AAGAGCGACGGGCGATGTGT
Full 16S_F Fwd CCGGTTTGAACTCAGATCATGTAA
16S Song & Liang (2013) 48
Full 16S_R Rev ATTTATTGTACCTTTTGTATCAG
18511 3F Fwd GTTCGATTCCGGAGAGGGA Giribet et al. (1996) 56
Bi Rev GAGTCTCGTTCGTTATCGGA Urban & Cryan (2007)
185 I11 A2 Fwd ATGGTTGCAAAGCTGAAAC Urban & Cryan (2007) 58
9R Rev GATCCTTCCGCAGGTTCACCTAC Giribet et al. (1996)
28S 28S Ai Fwd GACCCGTCTTGAAACACG
Belshaw & Quicke (2002) 54
D3-D5 285 D4D5r Rev GTTACACACTCCTTAGCGGA
28S 28S EE Fwd CCGCTAAGGAGTGTGTAA
Cryan et al. (2000) 54
D6-D7 285 MM Rev GAAGTTACGGATCTARTTTG
Table 4. Summary statistics of genes used for phylogeny.
. Number Sequence length Identical Pairwise Base frequencies
Region of taxa sites, % identity, %
Longest Shortest Average 70 ¥, 70 %A %T %C %G
COI 17 584 550 571.5 60.6 85.1 36.0 34.3 15.9 13.8
CytB 35 639 592 610.3 40.4 78.9 38.1 33.5 18.6 9.6
H3 27 370 249 344.8 64.3 88.3 23.0 16.7 31.8 28.0
12S 25 346 260 319.5 20.8 78.4 23.9 47.5 7.0 15.6
16S 25 583 397 500.5 51.8 84.1 29.3 44.4 9.1 171
18S 46 1856 651 1475.8 31.5 87.5 22.5 23.7 24.5 28.4
28S D3-D5 43 712 611 677.3 58.9 941 231 18.6 25.3 3241
28S D6-D7 40 810 671 752.8 60.1 90.6 20.4 19.2 26.9 33.2

Maximum Likelihood (ML) analysis was per-
formed using RAxML (Stamatakis 2016) via the
CIPRES Science Gateway V. 3.3 (http://www.phylo.
org/sub_sections/portal/) (Miller et al., 2010). We
used RAXxML-HPC BlackBox tool with 10000 boot-

strap iterations and a subsequent thorough ML search,
using the General-Time-Reversible (GTR) algorithm
with gamma distributed substitution rates and invari-
able sites (GTR+I+G) for each partition independent-
ly. The bootstrap supports are provided on Fig. 2.
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RESULTS

Tree topologies recovered by both BI and ML
analyses were largely congruent (Figs 1, 2). The ML
tree shows less resolution and did not recover Issini
and Parahiraciini as monophyletic groups, while the
BI analysis recovering both tribes with high support
(93% and 100% respectively). Nodes of the major
clades are numbered from 1 to 12.

Node 1 (BI: 100; ML: 77) supports the monophy-
ly of the subfamily Issinae (= Thioniinae, = Hemi-
sphaeriidae Melichar, 1906) sensu Gnezdilov (2009,
2013a). This clade includes Issini, Thioniinae and
Hemisphaeriinae sensu Wang et al. (2016) or Issina
sensu Gnezdilov (2002) + Hemisphaeriini + Para-
hiraciini sensu Gnezdilov (2013a) (Table 5). In this
combination of taxa the subfamily Issinae is defined
for the first time. Many taxa of this subfamily are
characterized by furcating CuA on forewings and
well-developed hind wings.

Node 2 (BI: 100; ML: 69) represents the subfam-
ily Hysteropterinae and comprises Hysteropterini
sensu Wang et al. (2016) or Issina, excluding Issus
Fabricius, 1803 and Latissus Dlabola, 1974, sensu
Gnezdilov (2016a, 2016c¢), or Hysteropterina + Agal-
matiina sensu Gnezdilov (2002). This clade includes
Western Palaearctic taxa with rudimentary anal lobe
of hind wings, without vannal cleft or with reduced
hind wings (Gnezdilov 2016a).

Node 3 (BI: 93; not recovered in ML) forms the
tribe Issini and combines Western Palaearctic Issus
Fabricius and Latissus Dlabola together with all
American taxa involved in the current analysis viz.,
Balduza Gnezdilov et O’Brien, 2006, Proteinissus
Fowler, 1904, Cheiloceps Uhler, 1895, and Traxus
Metcalf, 1923. In this combination of taxa the tribe
Issini is defined for the first time. The composition of
this clade may serve as a confirmation of the syno-
nymy of Issini and Thioniini proposed by Gnezdilov
(2009) since Cheiloceps Uhler belongs to the subtribe
Thioniina Melichar sensu stricto (Gnezdilov 20182a)
and was previously treated in Thionia sensu lato.
However the clade is not supported by morphological
data and requires further study.

Node 4 (BI: 100; ML: 100) corresponds to the
subtribe Issina sensu Gnezdilov (2002) and Issus
group of genera sensu Gnezdilov (2016a, 2016c).
This clade includes two genera Issus Fabricius and
Latissus Dlabola which are morphologically related
by a unique synapomorphy — the presence of paired
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digitate processes on the inner side of the dorsolateral
lobes of the phallobase (Gnezdilov 2016¢, figs 1-4).
This group retained many ancestral characters with-
in Western Palaearctic Issidae (Gnezdilov 2016a,
2017a) including bi-lobed hind wings, with vannal
cleft only and anal lobe reduced to a small appendage
with simple second anal vein. Issus pospisili Dlabola,
1958 has hind wing with partly fused Pcu and anteri-
or branch of first anal vein (Gnezdilov 2017a, Fig. 22)
which apparently relates Issina to Oriental issid taxa
and to American subtribe Thioniina sensu Gnezdilov
(2018a).

Node 5 (BI: 100; ML: 78) corresponds to the
subtribe Thioniina sensu Gnezdilov (2018a) with
inclusion of American taxa, characterized by reduced
or rudimentary hind wings, and to the subfamily
Thioniinae sensu Wang et al. (2016) (Table 5).

Node 6 (BI: 100; ML: 100) the tribe Sarimini
sensu Wang et al. (2016) was not recovered in our
analysis (Figs 1, 2). However all genera currently
assigned to this group (Wang et al. 2016; Gnezdilov
2019b) are characterized by tri-lobed hind wings
with deep cubital cleft and often with CuA and Cup
fusing apically with flattening. The genus Euroxenus
Gnezdilov, 2009 also shares these characters and
might belong to this group from the morphological
standpoint.

Node 7 (BI: 100; not recovered in ML) corre-
sponds to Parahiraciini sensu Wang et al. (2016) and
Gnezdilov (2017b). Most included genera are charac-
terized by bi-lobed hind wing, with deep cubital cleft
and more or less reduced anal lobe.

Node 8 (BI: 90; ML: 88) represents the tribe
Hemisphaeriini sensu Wang et al. (2016) and con-
tains genera with hemisphaerical fore wings and
single-lobed or rudimentary hind wings.

Node 9 (BI and ML: 93) forms the tribe Kodai-
anellini. Members of this tribe are united by the three-
lobed hind wings, with large remigial lobe and small
remigio-vannal and anal lobes (Wang et al. 2016).

Node 10 (BI: 100; ML: 92) corresponds to the
Kervillea group of genera sensu Gnezdilov (2016a,
2016¢). These genera are characterized by a peculiar
structure of the phallobase with a pair of long folds
which frequently conceals ventrally its ventral lobe
and separated lobes of gonoplacs (Gp 1 and Gp 2)
(Gnezdilov 2016a, 2016c¢).

Node 11 (BI: 69; ML: 59) represents the Myctero-
dus group of genera sensu Gnezdilov (2016a, 2016¢).
This group is united by the structure of penis with
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Fig. 1. Bayesian 50% consensus tree based on combined dataset (BI). Nodes of the major clades are numbered and refer to text. Each
node is documented with its posterior probability supports.
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Fig. 2. Maximum Likelihood (ML) tree estimated from the combined dataset. At each node, values indicate bootstrap supports.
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Table 5. Taxonomic groups matching in recent publications and current data.

Gnezdilov 2013a, 2016¢ Wang et al. 2016

Current data

Issini
Issina Issinae (Issini, Hysteropterini)
L Thioniinae (Thioniini), Hemisphaeriinae

Thioniina . L L
(Kodaianellini, Sarimini)

Parahiraciini Hemisphaeriinae (Parahiraciini)

. . Hemisphaeriinae (Hemisphaeriini:
Hemisphaeriini P ( P

Hemisphaeriina, Mongolianina)

Issinae, Thioniinae, Hemisphaeriinae (part) Issinae (=Thioniinae, =Hemisphaeriinae), Hysteropterinae

Issinae (Issini), Hysteropterinae
Issinae (Thioniini, Kodaianellini, Sarimini)
Issinae (Parahiraciini)

Issinae (Hemisphaeriini)

the aedeagus not entirely concealed by the phallobase
and clearly visible from the outside and the fused api-
cal aedeagal processes forming cylinder (Gnezdilov
20163, 2016¢).

Node 12 (BI: 72; ML: 76) corresponds to the Hys-
teropterum group of genera sensu Gnezdilov (2016a,
2016¢). According to Kusnezova and Aguin-Pombo
(2015) the genera Hysteropterum Amyot et Serville,
1843 and Agalmatium Emeljanov, 1971 are similar
in having nucleolus organizer regions (NORs) loca-
ted sub-terminally in the largest pair of autosomes
although this character occur in other groups of
Auchenorrhyncha as well.

DISCUSSION

Our study involves more molecular markers than
previously and recovered a mostly well-resolved tree
with moderate to high support for most branches.

The combination of Palaearctic Issus Fabricius
and Latissus Dlabola with Oriental and American
taxa in one well-supported clade of Issinae (Node 1)
confirms the existence of a common ancestor for
extant Oriental, American, and Palaearctic issids
earlier hypothesized by Gnezdilov (2016a). Thus
newly obtained data contradicts the scenario of an
early split of American Thioniinae from other Issidae
and possible origin of the family in the New World
recently suggested by Wang et al. (2016) and Bour-
goin et al. (2018). At the same time monophyly of the
tribe Kodaianellini erected by Wang et al. (2016) is
confirmed by our study while monophyly of Sarimini
Wang, Zhang et Bourgoin, 2016 was not supported
by our data.

Within the subfamily Issinae five clades are well
supported (Fig. 1) and correspond to the tribes

Hemisphaeriini (Euxaldar Fennah, 1978 — Hemi-
sphaerius Schaum, 1850 — Ophthalmosphaerius
Gnezdilov, 2018 — Macrodaruma Fennah, 1978 —
Mongoliana Distant, 1909) (Node 8), Kodaianellini
(Tetricissus Wang, Bourgoin et Zhang, 2017 —
Kodaianella Fennah, 1956) (Node 9), Sarimini
(Dactylissus Gnezdilov et Bourgoin, 2014 — Sarima
Melichar, 1903) (Node 6), and Thioniina (Traxus
Metcalf, 1923 — Cheiloceps Uhler, 1895 — Balduza
Gnezdilov et O’Brien, 2006 — Proteinissus Fowler,
1904) (Node 5) and Issina (Issus Fabricius — Latis-
sus Dlabola) (Node 4) of the tribe Issini (Node 3).
Sixth clade corresponding to the tribe Parahiraciini
(Node 7) is well supported in the Bayesian tree and
forms a sister group to Sarimini with a support 59
(Fig. 1), but was not recovered in RAxML analysis
(Fig. 2). The relationships of these tribes within
Issinae are still not clear. The tribe Hemisphaeriini
forms a sister group to Sarimini + Parahiraciini in
the BI analysis with a support of 83. Close relation-
ships of Sarimini, Parahiraciini, Hemisphaeriini,
and Kodaianellini revealed by Wang et al. (2016)
were also confirmed in the BI with a support 94 of
this clade (Fig. 1), although it was not recovered in
the ML tree (Fig. 2).

Our concept of Issinae includes all taxa with
well-developed hind wings. This feature was treated
by Gnezdilov (2016a, 2016b, 2016¢, 2017a) as an an-
cestral trait in comparison to Hysteropterinae hav-
ing reduced or rudimentary hind wings. Most part
of American taxa involved in the current analysis are
combined in one clade (Figs 1, 2) which supports the
assumption of the existence of a common ancestor for
extant Nearctic and Neotropical issid taxa even the
relationships of North American Picumna Stal, 1864
to other American and Oriental taxa is still unclear.
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In accordance with the above treatment of the
subfamily Issinae and the taxonomic ranks of other
groups under study, the subtribe Chimetopina Gnez-
dilov, 2017 from tropical Africa (Gnezdilov 2017a)
should be treated as a group of the tribal level —
Chimetopini Gnezdilov, 2017, stat. nov.

Our data suggest that the subtribe Issina sensu
Gnezdilov (2002), comprising Issus Fabricius and
Latissus Dlabola, is combined with Oriental and
American taxa and is not related to other Western
Palaearctic Issidae belonging to Hysteropterinae.
The last group is represented on the trees (Figs 1, 2)
by three distinct clades (BI: 69—100; ML: 67—83):
(1) Hysteropterum group + Conosimus Mulsant et
Rey, 1855 + Palmallorcus Gnezdilov, 2003; (2) Ker-
villea group + Bubastia Emeljanov, 1975 + Thalassa-
na Gnezdilov, 2016 + Latilica Emeljanov, 1971; (3)
Mycterodus group + Scorlupaster Emeljanov, 1971 +
Anatolodus Dlabola, 1982. The genus Falcidius Stl,
1866 occupies separate position on the trees.

The Bubastia group of genera sensu Gnezdilov
(20164, 2016¢) which includes the genera Bubastia
Emeljanov, Falcidius Stal, and Latilica Emeljanov is
rendered as non-monophyletic. Close relationships of
Conosimus Mulsant et Rey and Palmallorcus Gnez-
dilov (BI: 100; ML: 91) and association of this clade
with Hysteropterum group (Node 12) as well as close
relationships of Anatolodus Dlabola and Scorlupaster
Emeljanov (BI: 100; ML: 96) and association of this
clade with Mycterodus group (Node 11) are revealed
for the first time. Thalassana Gnezdilov, previously
treated as a member of Mycterodus group of genera
by Gnezdilov (2016a, 2016¢), forms a sister group to
Bubastia Emeljanov, although support for this clade
is very low (BI: 56; ML: 59).

CONCLUSIONS

The BI and ML trees obtained in our study (Figs
1, 2) suggest the subdivision of the family Issidae
into two subfamilies — Issinae and Hysteropterinae.
The combination of all taxa with developed hind
wings (ancestral condition) in the subfamily Issinae
favors the concept of a common ancestor for Ori-
ental and American issids previously hypothesized
by Gnezdilov (2016a, 2019a). The obtained results
well demonstrate a geographical pattern of Issidae
already pointed out by Wang et al. (2016) e.g., Hys-
teropterinae are restricted in distribution to West-
ern Palaearctic region while the clade Sarimini +
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Parahiraciini + Hemisphaeriini + Kodaianellini is
distributed in the Oriental Region.

More taxa from the Neotropics, tropical Africa,
and Australia have to be involved in further analysis
to clarify the tribal positions of the genera not includ-
ed in the current study, to elucidate the taxonomic
status of currently recognized tribes and subtribes,
and to test the hypothesis of the origin and dispersal
of Issidae from the Oriental region to Africa and New
World proposed by Gnezdilov (2016a, 2016b, 2019a).

Morphological data suggest inclusion of substan-
tial number of American and tropical African taxa
not accessible for current analysis in the subfamily
Issinae (Gnezdilov 2013a, 2016a, 2016b, 2016d,
2017a, 2019a). Our study corroborates the placement
of some American taxa within the tribe Issini (Ta-
ble 1, Figs 1, 2). Australian issid fauna, as currently
known, is largely derived from the Orient region
(Gnezdilov 2013a; Gnezdilov and Fletcher 2010)
which may suggest close relationships of Australian
taxa with the tribe Sarimini. Perhaps the status of
main groups recognized above within the subfamily
Hysteropterinae is of tribal level, but a much broader
sample of Western Palaearctic taxa is clearly needed
for testing and this issue will be addressed in the
subsequent study.
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