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Difficulties in building a molecular phylogeny of the issidoid planthopper lineages (I nsecta:
Hemiptera: Fulgoroidea)

V. M. Gnezdilov}, Th. Bourgoin? F. Mozaffarian®®" and S. Manzari®

1. Zoologica Ingtitute, Russian Academy of Sciences, Universitetskaya nab.1, 199034, St. Petersburg, Russia, vmgnezdilov@mail.ru, vgnezdilov@zin.ru 2.
UMR-7205 (ISYEB) MNHN-CNRS-UPMC-EPHE, Muséum National d’Histoire Naturelle, Sorbonne Universités, CP50, 57 rue Cuvier, F-75231 Paris cedex 5,
France, bourgoin@mnhn.fr 3. Insect Taxonomy Research Department, Iranian Research Institute of Plant Protection, Agriculturd Research, Education and
Extension Organization (AREEO), Tehran, Iran, manzari @iripp.ir

*Corresponding author, E-mail: mozaffarian@iripp.ir, faribamozaffarian@gmail.com

Abstract

Four gene loci COlI, 28S (D4D5 and 28SD6), and 18S (helix 17 up to helix 50) were sequenced successfully for
32 (COl), 29 (18S) and 30 (28S) species from a sampling of 36 species representing 29 genera of the families Issidae,
Caliscdidae, Tropiduchidae, Nogodinidae, Ricaniidae, Dictyopharidae, Flatidae and Aphrophoridae. Analysis of the
resulting molecular phylogenies shows a low support of the results presented, probably due to genes and species
sampling bias not enough representative of diversity and evolution of issdoid lineages. While Issidae monophyly is
not clearly recovered, monophyly of Western Palaearctic issid genera and Caliscelidae respectively seems well
supported; however genus Bubastia Emeljanov appears to be polyphyletic and several other issid genera remain
unplaced. The positions of some “problematic” taxa like the genera Lollius Stdl, Colpoptera Burmeister and Bladina
Stal are till unclear on the molecular trees and needs further study.
Key words: Issidae, Issna, Hysteropterina, Tropiduchidae, Caliscelidae, Caliscelini, Peltonotelini, Trienopini,
Trypetimorphini, phylogeny, molecular sequence, Western Palaearctic
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Introduction

The classification of family Issidae Spinola, 1839, "sensu lato", as it was previously known (Melichar, 1906; Fennah,
1954; Metcalf, 1958) has been intensively modified since R.G. Fennah's attempts (Fennah, 1978, 1982). Major changes were
the recognition of Acanaloniidae Amyat et Serville, 1843 and Caliscelidae Amyot et Serville, 1843, as separate families
(Emeljanov, 1999, 2008; Gnezdilov, 2008a, 2012b, 2013c), the restriction of Issidae to only three tribes: Issini Spinola, 1839,
Hemisphaeriini Méelichar, 1906, and Parahiraciini Cheng et Yang, 1991 (Gnezdilov, 2009, 2013d) and the transfer of several
sub-units to other families: Tropiduchidae (Trienopinae Fennah and Gaetuliina Fennah), Nogodinidae (Tonginae Kirkaldy
and Colpopterini Gnezdilov), Ricaniidae (Pharsalinae Gnezdilov), and Caliscelidae (Adenissini Dlabola) (Gnezdilov, 20033,
b, 2007, 2008b, 2009; Gnezdilov & Wilson, 2006).

Distinguishing all these major issidoid lineages is currently built on morphological characters of male and female
genitalia structure (Fennah, 1982; Emeljanov, 1999; Gnezdilov, 2003a, 2008b, 2012b, 2013b).

Most of them belong to the "issidoid group" which was recently established by Gnezdilov (2013a) to include five
Fulgoroidea families. Issidae Spinola, 1839, Acanaloniidae Amyot et Serville, 1843, Caliscelidae Amyot et Serville, 1843,
Nogodinidae Melichar, 1898, and Tropiduchidae Stal, 1866. Currently, this grouping remains a practical one and is not
claimed to represent any monophyletic natural taxon as clearly based on parald adaptative radiations to sub-arid and arid
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landscapes with so-called Mediterranean type of vegetation leading to an issidoid habitus (issidisation) (Gnezdilov, 2013a): a
box-like body shape, sub- or fully brachypterous forms.

In this study we aim to provide the first investigation about the phyl ogenetic relationships among these lineages and
among the genera of the family Issidae "sensu stricto”, and to test their monophyly on a molecular base. Moreover, because
some of the mgor taxa analysed belong to different families, it will aso give the opportunity to address the higher
classification of the Fulgoromorphain relation with classical studies (Asche, 1988; Emeljanov, 1991; Bourgoin et al., 1997)
and morerecent (Yeh et al., 1998, 2005; Urban & Cryan, 2007) on planthopper phylogeny.

M aterials and methods
Taxon sampling
Specimens were collected from different parts of the world (Table 1) and preserved in absol ute ethanol until molecul ar

analyses. The specimens studied are deposited in the following museums:

BMNH - the Natural History Museum, London, United Kingdom;

CASC - Cadlifornia Academy of Sciences, San Francisco, USA;

MNHN — Museum nationd d’Histoire naturelle, Paris, France ;

ZIN — Zoological Institute of the Russian Academy of Sciences, Saint Petersburg, Russia

DNA extraction, amplification and sequencing

DNA was extracted from single specimens using the DNeasy Tissue Kit (Qiagen) according to the manufacturer's
protocol with dight modification, i.e. elution in 50 or 100 ul buffer AE (instead of 200 pul) depending on the size of the
specimen. Extraction, sequencing protocol and primers follow Ceotto et al. (2008) and were conducted in MNHN and CBGP
(INRA Montpellier).

Genes COl, 28S (D4-D5 and D6), 18S (helix 17 up to helix 50), were sequenced successfully for 32 (CQI), 29 (189)
and 30 (28S) species) respectively. Sequences will be deposited in the NCBI GenBank.

Phylogenetic Analyses

The numbers of base pairs for amplified regions were as follow: COI: 602 to 666 bp, 28S, D4-D5 regions: 630 to 651
bp, 28S, D6 region: 668 to 741 bp, 18S: 775 to 1407 bp. The sequences were aligned using full multiple alignment option
implemented in BioEdit version 7.2.5 programme (Hall, 1999) and then checked by eye and manipulated if necessary. The
alignment performed for COI were checked in three frames by translating to amino acids (Artimo et al., 2012) to be sure the
sequences of amino acids were not affected by dashes. The aligned sequences were appended and organized in three different
data setsfor andyses: (i) 28S, (D4-D5 and D6) and 18S (Helix 17 up to Helix 50) sequences for al taxa sampled (ii) plusthe
Cytochrome Oxidase | sequences, (iii) same as (ii) but restricted to Western Palaearctic species of Issidae. Parsimony
analyses were conducted on the three datasets using PAUP* (Swofford, 1998). Heuristic searches were performed with
20000 random additions followed by branch swapping using tree-bisection-reconnection (TBR) holding a single tree. Gaps
were treated as missing data. Bootstrap support was cal culated using 1000 pseudoreplicates each of 1000 random additions.

Results
According to fig. 1 which is resulted from data set (i):
1. Issidae s dtr. are divided into two clusters — Hysteropterina sensu Gnezdilov (2002) + Thionia Stal and Issina sensu

Gnezdilov (2002) + Hemisphaerius Schaum (as asister group to Issing).
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2. The genus Bubagtia Emeljanov appears to be a polyphyletic unit as Bubastia ephialtes Linnavuori and B. taurica
Kusnezov fall in different clusters. Subgenus Bubastia s. str. (with type species B. taurica) fals in a sister position to the
genus Hysteropterum Amyot et Serville.

3. Hemisphaeriusis asister group to subtribe Issina (bootstrap value is 58) which is separated from the Hysteropterina within
Issidae, however its statusis not clear and still would have to be confirmed.

4. Thionia is placed in the cluster of Hysteropterina. At the moment this may be treated as supporting the synonymy of Issini
Spinola, 1939 and Thioniini Mdichar, 1906 proposed by Gnezdilov (2009), but it does not mean that Thionia have to be
placed within Hysteropterina.

5. Colpoptera previously placed in the Issidae (Gnezdilov, 2003b) is excluded from this family. It supports its possible
placement within Nogodinidae as proposed by Gnezdilov (20124).

6. Cdliscelidae is a monophyletic group with a bootstrap value 98. Caliscelini and Peltonotellini are separated within
Caliscelidee.

7. Trienopini is asister group to Trypetimorphini (bootstrap valueis 79).

8. Madagascan subbrachypterous ricanid Nasatus Stroinski, Gnezdilov & Bourgoin appears in a sister position to Ricania
Germar (bootstrap valueis 81).

9. The monophyly of Nogodinidaeis not confirmed.

10. The clade of Issidae is proposed as a sister group to the clade Tropi duchi dae+(Ricaniidae+Flati dag).

Two results remain problematic: separated position of Kervillea conspurcata (Spinola) from other Hysteropterina and
paraphyletic Fatidae (Metcalfa pruinosa (Say) and Phantia christophi Rusiecka).
Il. In all various dataset tested (figs 1-3), the monophyletic origin of Western Palaearctic fauna of the family Issidae is

confirmed.

Discussion

Subtribes Issina Spinola, 1839 and Hysteropterina Melichar, 1906 are confirmed as monophyletic groups, except of the
strange distinctive position of Kervillea conspurcata on fig. 1, while on figs 2 and 3 it is in frame of Hysteropterina Two
studied species of the genus Bubastia, B. ephialtes and B. taurica, are separated in different clusters which is in accordance
with morphological structure of male genitdia (Gnezdilov, unpublished) showing we have in fact different taxa. In all our
results and tests, Western Palaearctic Issidae monophyletic origin is supported. Thisis very important thesis for further study
of evolution of the Issidae as a whole and the faunogenesis of Western Palagarctic region in particular.

The monophyly and 3-tribes composition of the family Issidae s. str. suggested by Gnezdilov (2009, 2013d) is not fully
supported by the current results, as we had no any Parahiraciini involved, but obtained in the molecular anaysis of Sun et al.
(2015) except for the position of the Tongini Kirkaldy which might be an artefact. An interesting result of Sun et al. (2015)
analysis is the suggestion of the sister-group relationships of Parahiraciini and Hemisphaeriini. Moreover, Caliscelidae
isolated position from the Issidae in Sun et al.'s phylogeny (2015) still support them as a separate family as their position
within Issidae is not tested in Sun et al.'s analysis.

Caliscelidae is a monophyletic group with possible separation of Caliscelini and Peltonotellini within Caliscelinae (fig.
1) as proposed by Emeljanov (2008). In Urban & Cryan’s phylogeny the Caliscelidae is presented as a most recent group.
However, current fauna of New World Caliscelidae is represented by one tribe, Peltonotellini Emeljanov (Gnezdilov, 2013c),
a probable monophyl etic group evolved from one Palaearctic ancestor recently (Gnezdilov, 2015). It is suspected that the use
of Old World Cdiscelini or Ommatidiotinae in those analyses might have provided a different result.
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As in previously published molecular phylogeny of Fulgoroidea (Urban & Cryan, 2007), Tropiduchidae sensu

Gnezdilov (2013b) including Elicinae (=Gaetuliing) and Tropiduchinae would be a monophyletic group, but more

tropiduchid taxa should be included to confirm this result.

Nogodinidae in its current treatment (Gnezdilov, 2009, 2012a) is possibly a palyphyletic group, which is in agreement

with Urban and Cryan's results (2007). Emeljanov (1991) did not find any autapomorphies for the families Nogodinidae and

Issidae sensu lato. In his scheme, Flatidae and Ricaniidae are sister groups which is in agreement with the results of the
current study (figs 1, 3).
Following Yeh et al. (2005) and according to Gnezdilov (2013a) the relationships between the families of issidoid

group of Fulgoroidea families is one of the most difficult problems in current planthopper systematics and cannot be
precisely defined now.

Table 1. Geographica information of the studied species.
Species name Locality
Issidae : Scorlupaster asiaticum (Lethierry, 1878) Southern Kazakhstan, 42°50720.724°'N 71°10712.900"'E,

29.VI1.2006, V.M. Gnezdilov leg.

Issidae : Agal matiumflavescens (Olivier, 1791) Italy, Tuscany, Livorno Province, Castdllaccio vill.,
6.1X.2004, V.M. Gnezdilov leg.

Issidae: Agal matium bilobum (Fieber, 1877) Centra Mount Lebanon, near to Qartaba, 1000-1200m, VII. —
VIII. 2004, H. Abdul-Nour leg.

Issidae : Latilica maculipes (Melichar, 1906) Italy, Tuscany, Livorno Province, Castdllaccio vill.,
6.1X.2004, V.M. Gnezdilov leg.

Issidae : Issus abdulnouri Dlabola, 1987 Centra Mount Lebanon, near to Qartaba, 1000-1200m, VII. —
VII1. 2004, H. Abdul-Nour leg.

Issidae: Issus coleoptratus (Fabricius, 1781) Slovenia, near Nova Gorica, 46°00'17.8"'N 13°040°40.0"'E,
300 m, 03.V11.2004,G. Seljak leg.

Issidae : Mycterodus phoenicicus Gnezdilov, 2008 Central Mount Lebanon, near to Qartaba, 1000-1200m, VII. —
VII1. 2004, H. Abdul-Nour leg.

Issidae : Libanissumtalhouki (Dlabola, 1974) Centra Mount Lebanon, near to Qartaba, 1000-1200m, VII. —
VII1. 2004, H. Abdul-Nour leg.

Issidae : Bubastia ephialtes (Linnavuori, 1971) Centra Mount Lebanon, near to Qartaba, 1000-1200m, VII. —
VII1. 2004, H. Abdul-Nour leg.

Issidae : Bubastia obsoleta (Fieber, 1877) Slovenia, Nova Gorica, 25.V.2004, G. Sdljak leg.

Issidae : Bubastia taurica (Kusnezov, 1926) Russia, Krasnodar Territory, 2 km WNW of Gelendzhik, near
Golubaya Bukhta vill., Doob Mt., 30.V11.2004, V.M.
Gnezdilov leg.

Issidae : Latissus dilatatus (Fourcroy, 1785) Slovenia, Nova Gorica, 45°59'31.6"'N 13°39'39"'E, 320 m,
03.VI11.2004,G. Sdjak leg.

Issidae : Kervillea conspurcata (Spinola, 1839) Slovenia, Crnotige, 30.V.2004, G. Seljak leg.

Issidae : Hysteropterumreticulatum (Herrich-Schaeffer, Slovenia, Ravnica, 06.V1.2004, G. Seljak leg.

1835)

Issidae : Hysteropterum vasconicun Gnezdilov, 2003 Spain, Espot, 15.V1.2004, A. Maryanska-Nadachowska | eg.

Issidae : Hemisphaerius sp. (Laos) Laos, Région de Phongsaly, Long Nai Mai, forét primaire,
21°14.243' N 101°54.448' E, 918 m, 01.X.2004, A. Soulier-
Perkins leg.
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Issidae : Thionia sp.
Issidae : Kodaian€la bicinctifrons Fennah, 1956

Nogodinidae : Colpoptera sp.
Nogodinidae: Bladina sp.
Nogodinidae : Lollius sp.

Acanaloniidae: Acanalonia .
Tropiduchidae: Trienopa sp. 1

Tropiduchidae: Trienopa sp. 2

Tropiduchidae : Trypetimorpha occidentalis Huang &
Bourgoin, 1993

Caliscelidae : Caliscelis wallengreni

Caliscelidee : Pdtonotdlus quadrivittatus (Fieber, 1876)
Caliscelidee: Pdtonotelus meichari Horvath, 1897

Caliscelidae: Afronaso gryphus Gnezdilov & Bourgoin,
2009

Caliscelidae: Calampocus sphaer oides Gnezdilov &
Bourgoin, 2009

Ricaniidae: Nasatus davidouvrardi Stroinski, Gnezdilov
et Bourgoin, 2011

Ricaniidae: Ricania japonica Meichar, 1898

Flatidae : Phantia christophi Rusiecka, 1902

Flatidae: Metcalfa pruinosa (Say, 1830)

Panama, 22.1X.2006, canopée, D. Ouvrard leg.

Laos, Région de Phongsaly, Long Nai Mai, forét primaire,
21°14.243' N 101°54.448' E, 918 m, 01.X.2004, A. Soulier-
Perkins leg.

Panama, 23.1X.2006, D. Ouvrard leg.

Panama, 24.1X.2006, D. Ouvrard leg.

Vanuatu, Santo |., Camp 2, Mont Tabwémasana, forét,
15°2038.9"" S 166°44°41.4"" E, 1065 m, 04.X1.2006, A.
Soulier-Perkins & M. Atti¢ leg.

Panama, 25.1X.2006, canopée, D. Ouvrard leg.

Madagascar, Région Atsimo-Andrefana, Parc de Zombitse,
zone seche de la forét de ?, 22°53.406°S 44°41.819°E, 817 m,
18.111.2006, A. Soulier-Perkinsleg.

Madagascar, Région Amoron i Mania, Forét d” Ankazomivati a
35 km d’ Ambositra, forét d’altitude semi décidue,
20°47.002°S 47°10.964°E, 984 m, 24.111.2006, A. Soulier-
Perkinsleg.

Northern Kazakhstan, 6 km W of Semiozernoe,
52°21'58.932"'N 64°00°37.116"'E, 17.V111.2006, V.M.
Gnezdilov leg.

Slovenia, Koper, 45°33'05.7"'N 13°45'41.2"'E, 24.1X.2005, G.
Seljak leg.

Slovenia, Opatje selo, 30.V.2004, G. Sdljak leg.

Slovenia, near Nova Gorica, 45°58'40.3'N 13°41°41"°E, 410
m, xerothermic meadow, 03.V11.2004, G. Sdjak leg.
Madagascar, Fianarantsoa Province, Parc National

d’ Andringitra, Plateau d’ Andohariana, 35.9 km 205
Ambalavao, 22°09'08"" S 046°53'57"" E, 2000 m, 15.1V.2006,
maxi winkler litter extraction in ericoid thicket, B.L. Fisher
leg.

Madagascar, Fianarantsoa Province, Parc National d’Isalo
Ambovo Springs, 29.3 km 4° N Ranohira, 22°17'54"" S
045°21°06°" E, 990 m, pitfall trap in Hapaca woodland, 9-
14.11.2003, Fisher, Griswold et al. leg.

Madagascar, RN4 entre Antananarivo et Mahgjanga, foret
galerie de plateaux, prés Mahatsinjo, 17°52.869°'S
47°04.684'E, 1500 m, 08.X1.2005, Th. Bourgoin, A. Soulier-
Perkins, D. Ouvrard & M. Attié leg.

Russia, Krasnodar Territory, 2 km WNW of Gelendzhik, near
Golubaya Bukhta vill., Doob Mt., 30.V11.2004, V.M.
Gnezdilov leg.

Southern Kazakhstan, Peski Mujunkum, 43°00°00.924"'N
72°06'05.112"'E, 30.V11.2006, V.M. Gnezdilov leg.

Italy, Tuscany, Livorno Province, Castellaccio vill.,
6.1X.2004, V.M. Gnezdilov leg.
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Dictyopharidae: Dictyophara europaea (Linnaeus, 1767)  Russia, Krasnodar Territory, near Gelendzhik, 27.V11.2004,
V.M. Gnezdilov leg.

Aphrophoridae : Lepyronia coleoptrata (outgroup) Centra Mount Lebanon, near to Qartaba, 1000-1200m, VII. —
VII1. 2004, H. Abdul-Nour leg.

62 Issidae: Seorlupaster asiaticum

Issidae: Libanissum talhouki

91 Issidae: Agalmatium flavescens

Issidae: Agalmativm bilobum

—E Issidae: Latilica maculipes

Issidae: Mycterodus phoenicicus

— |ssidae: Bubastia ephialtes

92 —Issidae: Hysteropterum reticulatum
53 _E

[ssidae: Hysteropterum vasconicum

[ssidae: Bubastia taurica

Issidac: Thionia sp.

Issidae: Kervillea conspurcata

72[ Issidae: Issus abdulnouri
94_ Issidae

. Issus coleoptratus

58

Issidae: Latissus dilatatus

Issidae: Hemisphaerius sp.
8 lERioaniidae: Nasatus davidouvrardi

Ricaniidae: Ricania japonica

Flatidae: Metcalfa pruinosa
79 Tropiduchidae: Trienopa sp.1
ETropiduchi dae: Trypetimorpha occidentalis

[ssidae: Kodaianella bicinctifrons

99 (= Caliscelidae: Afronaso gryphus
91 ‘I:

Caliscelidae: Calampocus spaeroides

98

— Caliscelidae: Caliscelis wallengreni

99 — Caliscelidae: Peltonotellus quadrivitiatus

L_ Caliscelidae: Pelionotelius melichari

Nogodinidae: Colpoptera sp.

Dictyopharidae: Dictvophara europaea

Flatidae: Phantia christophi

Acanaloniidae: Acanalonia sp.

Nogodinidae: Lollius sp.

Nogodiniidae: Bladina sp.

Aphrophoridae: Lepyronia coleopiraia
(outgroup)

Fig. 1. Strict consensus tree resulted from the analysis of the sequences in regions18S, 28S. The range of bootstrap values
(more than 50%) is written above branches. (Tree length: 1991, Consistency index (Cl): 0.6801, Retention index (RI):
0.4863, number of trees. 27).
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e, ISS1da€: ScoOrlupaster asiaticum

Issidae: Libanissum talhouki

Issidae: Mycterodus phoenicicus

— |ssidac: Bubastia ephialtes

L Issidac: Kervillea conspurcata

e Issidae: Latilica maculipes

— |ssidac: Agalmatium flavescens

100

— [ssidac: Agalmatium bilobum

65 — Issidae: Issus abdulnouri
77

96

b Issidae: Issus coleoptratus

Issidae: Latissus dilatatus

— [ssidac: Hysteropterum reticulatum

99

L____Issidae: Hysteropterum vasconicum

Issidae: Bubastia taurica

Flatidae: Metcalfa pruinosa

Aphrophoridae: Lepyronia coleoptrata
(outgroup)

Fig. 2. Strict consensus tree resulted from the analysis of the sequences in regions COI, 18S, 28S on Western Palaearctic
Issidae. The range of bootstrap values (more than 50%) is written above branches. (Tree length: 2122, Consistency index
(Cl): 0.6857, Retention index (RI): 0.3568, number of trees: 2).
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Issidae: Mycterodus phoenicicus
Issidae: Libanissum talhouki

L Issidae: Scorlupaster asiaticum
P Issidae: Bubastia ephialtes

Issidae: Kervillea conspurcata

b Issidae: Latilica maculipes
100 Issidae: Agalmatium flavescens
l:Issiclz:le: Agalmatium bilobum
98p=Issidae: Hysteropterum reticulatum

Issidae: Hysteropterum vasconicum
L. Issidae: Bubastia taurica

7iEIssidae: Issus abdulnouri
Issidae: Issus coleoptratus
L Issidae: Latissus dilatatus

95

9ZERicaniidae: Nasatus davidouvrardi

Ricaniidae: Ricania japonica

L Nogodinidae: Lollius sp.

_— 63 p—Flatidae: Phantia christophi

_{Flatidae: Metcalfa pruinosa

Issidae: Hemisphaerius sp.

{Nogodinidae: Colpoptera sp.

b [ssidae: Thionia sp.

e

Acanaloniidae: Acanalonia sp.
{Dictyopharidae: Dictyophara europaea
... Nogodiniidae: Bladina sp.

Issidae: Kodaianella bicinctifrons
L_Issidae: Bubastia obsoleta
63 e [TOpiduchidae: Trienopa sp.1

83

Tropiduchidae: Trienopa sp. 2
L_Tropiduchidae: Trypetimorpha occidentalis

61

99 r— Caliscelidae: Afronaso gryphus
L— Caliscelidae: Calampocus spaeroides
Caliscelidae: Caliscelis wallengreni

67 — Caliscelidae: Peltonotellus quadrivittatus
L. Caliscelidae: Peltonotellus melichari

Aphrophoridae: Lepyronia coleoptrata
(outgroup

Fig. 3. Strict consensus tree resulted from the analysis of the sequences in regions COI, 18S, 28S. The range of bootstrap
values (more than 50%) is written above branches. (Tree length: 4540, Consistency index (Cl): 0.4907, Retention index (RI):
0.454, number of trees: 1).
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