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Abstract: A brief overview of planthoppers (Hemiptera: Fulgoroidea) classification and
subdivisions is given. Recent advances and opinions on fossil and extant families of Fulgoroidea
and their phylogenetic relationships are briefly discussed. The family Achilidae, one belonging
to this superfamily is discussed in respect of their placement in classification proposals. The
rank and definition as well as taxonomic concept of Achilidae are discussed. Proposals of
internal subdivisions of Achilidae, with current ideas on classification and evolutionary
relationships of family subunits and related groups are overviewed.
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1. Hemiptera age, divisions and subunits relationships

The Hemiptera LinNaAEUS, 1758, the fifth largest insect order is subdivided into six
suborders: extinct Paleorrhyncha CARPENTER, 1931, Sternorrhyncha Amyor et AUDINET-
SERVILLE, 1843, Fulgoromorpha Evans, 1946, Cicadomorpha Evans, 1946, Coleorrhyncha
MyERrs et CHINA, 1932 and Heteroptera LATREILLE, 1810. The history of Hemiptera internal
classification and relationships of its groups is complex (Forero 2008, Szwepo 2018).
Fulgoromorpha, Cicadomorpha, Coleorrhyncha and Heteroptera are united as Euhemiptera
Zrzavy, 1990 opposed to Palacorhyncha+Sternorrhyncha (Szwepo 2018). The clade
Euhemiptera was firstly proposed by Zrzavy in 1990, as informal name in the conference
paper, without formal definition, just listed on the phylogenetic scheme, as uniting remaining
hemipterans versus Sternorrhyncha (Zrzavy 1990: 19). Later the term was formalized by
Zrzavy (1992: 78) and adopted by various authors (MAHNER 1993, CAMPBELL ef al. 1994,
SORENSEN ef al. 1995, Ax 2000). This idea was not new, first proposed by FaLLen (1829:
[4]), as Hemelytrata, and more recently by WEssEL ef al. (2014: 421) as clade Tymbalia.
Fulgoromorpha and Cicadomorpha were often united as Auchenorrhyncha DumERIL, 1841.
The problem of Auchenorrhyncha monophyly remains unresolved, some molecular data
suggest Fulgoromorpha and Cicadomorpha are separated, the others they are to be united
(CryaN & URrBaN 2012, BARTLETT ef al. 2018, SKINNER ef al. 2019). Independent status of

93



Fulgoromorpha and Cicadomorpha is supported by palacontological and morphological
data. Interpretation of molecular data suggest monophyly of Auchenorrhyncha, but it must
be pointed, that it is based on available crown groups, with long and complex evolutionary
history. These controversies became more complex with recent proposals of Coleorrhyncha
relation to Fulgoromorpha based on mitogenomics (Cur et al. 2013, WANG Y. et al. 2015, L1
et al. 2017), while morphological and palaecontological evidence, relate this suborder with
extinct groups close to earliest Cicadomorpha, viz. Ingruomorpha Szwepo, 2018.

The postulated time of splitting of the major Hemiptera lineages inferred from molecular
clock (L12017, JounsoN et al. 2019) is even the Carboniferous, but these interpretations must
be better supported with better fossil record. The recent report on fossil Sternorrhyncha from
the Carboniferous (Moscovian) of France (GARROUSTE ef al. 2019) can support this estimation.
The splitting of early could be as early as end of Carboniferous to Lower Permian — the oldest
Prosorrhyncha SORENSEN, CAMPBELL, GILL & STEFFEN-CAMPBELL, 1995 (Ingruomorpha Szwepo,
2018 and their descendants Coleorrhyncha MyEers et CHNA, 1929), and Cicadomorpha Evans,
1946 (Prosbolopsemorpha Szwepo, 2018) were contemporaneously present in the Kungurian
(Szwepo 2018, BARTLETT ef al. 2018).

However, the strict actualistic approach in interpretation of molecular clock tempo,
especially for highly evolvable groups as insects, seems to be of limited value. Geological and
environmental events, such as climatic changes, periods of intense volcanic and/or tectonic
activities, impacts, global ecological crises, anoxic events in the oceans leading to changes
in global biogeochemical cycles, formation and modifications of ecosystems and long term
interactions, e.g. symbiotic, parasitic, etc. shaped the evolutionary tree of life, including the
Hemiptera branches.

The suborder Fulgoromorpha, commonly known as planthoppers (a term coined to
METcALF 1920), is one of the main groups among the hemipterans (HENry 2017, BARTLETT
et al. 2018, Harby 2018). It covers three superfamilies: extinct Permian Coleoscytoidea
MARrTYNOV, 1935, extinct Permian-Triassic Surijokocixioidea SHCHERBAKOV, 2000 and extant
Fulgoroidea LATREILLE, 1807, known since the Jurassic (Szwepo 2018). Fulgoromorpha Evans,
1946 covers 33 families (21 extant and 12 extinct ones), which represent more than 12% of
all the Hemiptera LinnaEus, 1758 (Szwepo 2018, Bourcom 2019). There are about 13,650
species described in the suborder (BARTLETT et al. 2018, BourGcomN 2019), with the oldest
confirmed records in the Late Permian (Roadian, ca. 273-269 Ma). While Fulgoromorpha
superfamilies Coleoscytidae (Permian, Roadian, ca. 270 Ma) and Surijokocixiidae (Permian,
Wordian, ca. 269-265 Ma to Triassic, Carnian, ca. 237-227 Ma) are extinct groups, the
vast majority of planthoppers represent Fulgoroidea (Table 1) — the superfamily known in
fossil record since the early Jurassic, Hettangian (ca. 199 Ma), with the oldest Fulgoridiidae
(Szwepo et al. 2004, Szwepo 2018).

2. Fulgoroidea divisions and placement of Achilidae

SpinoLa (1839), in his dichotomic classification scheme, first divided Fulgoroidea
(his Fulgorelles) into two groups (clades) the Fulgorites and the Issites (Figs. 1-3), viz.
Fulgoridae+ and Issidae+, using the system of notion proposed by Amorim (1982). This
division is more or less equivalent to the current modern, but informal division of Fulgoroidea
into ‘lower Fulgoroidea’ and ‘higher Fulgoroidea’. While set up on a rather poor number of
taxa, Spinola’s division sets up a trend which accompanies us until nowadays, and which is
now supported by both morphological and molecular data. Achilidae genera Achilus KirBY,
1818 and Plectoderes SpiNoLA, 1839 were put by Spinola as part of Cixioides (viz. Cixiidae).
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Next division of Fulgoroidea was proposed by StAL (1866), where Achilidae were separated
from Cixiidae, and 13 genera were included. In following years Achilidae were still treated
variably, as family, subfamily or tribe (METCALF 1948). Mur (1923b) presented the first tree
of relationships of Fulgoroidea families (Figs. 4, 5), main lineages were depicted: a basal
Tettigometridaec GERMAR, 1821 lineage, and two sister lineages — Achilixiidae+ and Flatidae+,
still somewhat different from what is recognized nowadays. The families Achilidae STAL,
1866 and Achilixiidaec MuIr, 1923 (Mur 1923a) were placed as separate, unrelated groups,
in various lineages.

Following the changes in opinions on planthoppers based on morphological character
several papers were proposed, for particular families and more rarely for whole planthoppers.
Various families relationships trees were published successfully by AscHg (1988), EMELIANOV
(1990b; Fig. 6), CHANG & YANG (1995), BourGoIN et al. (1997; Fig. 7), YANG & CHANG (2000;
Fig. 8) based for all of them on partial data (restricted taxonomic, morphological or molecular
data). The first attempt to combine morphological, molecular and palacoentomological data
was presented by BourGgoin & CampBELL (2002), extending BourGoN et al. (1997) previous
results with new and more detailed data (Fig. 9). Another tree including fossil families,
but restricted to ‘basal’ Fulgoromorpha, was presented by Szwepo (2009) (Fig. 10). Based
exclusively on molecular data the first full relationships tree was published by UrBan
& Cryan (2007) (Fig. 11). Most of these post 1980’s proposals agree in separating few
strong clades, more ‘basal’, with Achilidaec STAL, 1866 - Achilixiidae Muir, 1923 (Muir
1923a) (Achilidae+t) line sister to Derbidae SpiNnora, 1839; Cixiidae SpinoLA, 1839 sister to
Delphacidae Leach, 1815, and these related to Kinnaridae+Meenoplidae lineage (Cixiidae+t);
and Fulgoridae LATrREILLE, 1807 sister to Dictyopharidac Seivora, 1839 (Fulgoridae+). The
group of ‘higher’ Fulgoroidea was briefly discussed by GNezpiLov (2008) based on modern
fauna, and the only extinct family ascribed to ‘higher’ Fulgoroidea, viz. Weiwoboidae LiN e?
al., 2010 was presented by LN ef al. (2010). Later, BARTLETT et al. (2014), following URBAN
& CRryAN (2007) results, considers only Cixiidae-Delphacidae clade as ‘basal Fulgoroidea’, but
Kinnaridae-Meenoplidae clade and Achilidae-Achilixiidae-Derbidae clade as ‘intermediate
Fulgoroidea’ and Fulgoridae-Dictyopharidae along with Lophophidae-Eurybrachidae clade
as placed between ‘intermediate’ and ‘higher Fulgoroidea’ (Fig. 12).

3. Previous and newer trees’ proposals of Fulgoroidea

Despite many attempts of creating a complete tree of relation of Fulgoroidea, none of
these proposals included all accessible data: morphological, molecular and fossil record. This
reservation concerns all distinctions — ‘basal’ and ‘higher’ fulgoroids, and the Fulgoromorpha
as whole. The early attempts to present hypotheses for phylogenetic relationships among
fulgoroid families resulted in trees of various topologies (AscHE 1988, EMELIANOV 1991a,
BourGom 1993a, BourGom et al. 1997, YEH et al. 2005). Some attempts were offered as well,
based on particular sets of data: tarsal character (CHEN & YANG 1995), tarsi, nymphs and male
genital structures (YANG & CHANG 2000) or antennal structures (Hamicton 2011). BourGoin
& CampBELL (2002) presented the first relationships tree combining molecular, morphological
and fossil data available at time. Since then, several more detailed molecular studies (YEH et
al. 2005, UrBaN & Cryan 2007, SoNG & Liang 2013) were conducted, resulting in various
hypotheses. More detailed morphological studies add some evidences for particular groups,
but also brought new controversies and questions to answer (e.g. EMELIANOV 1999, UrRBAN
& Cryan 2009, GNezpiLov 2013a, b, WANG M. ef al. 2016, SoNG et al. 2018). More fossil
data were collected and fossils of some crucial groups were found and described. These
fossils reshaped also the relationships proposals of Fulgoroidea, and especially the ‘basal’
ones (Szwepo 2007b, 2009).
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4.The Fulgoroidea families and in-between relations of ‘basal’ Fulgoroidea
families

Fulgoridiidae and Qiyangiricaniidae. Fulgoridiidae HanpLIRSCH, 1939 (type genus:
Fulgoridium HAaNDLIRscH, 1906; Jurassic: Sinemurian-Oxfordian) is a paraphyletic
assemblage, which could be recognised by basal cell wide, often subquadrate, costal area
present with transverse veinlets or costal area absent, stem MP forked in distal half of tegmen,
stem CuA in most cases with three branches.

Qiangiricaniidac SZweDO, WANG et ZHANG, 2011 (type genus: Qivangiricania LN, 1986;
Jurassic: Toarcian-Aalenian) superficially resembles ‘higher’ Fulgoroidea in tegmen shape
and venation. It could be recognised by anterior margin of tegmen distinctly thickened with
costal area developed, devoiding veinlets; stigmal area not developed; longitudinal veins with
small tubercles; short stem ScP+R, branch RP forked at level of nodal line; stem MP forked
distinctly apicad of nodal line veinlets 7p-mp and mp-cua; stem CuA very short, branch CuA
not forked before margin; vein CuP thickened, but claval suture distinct; claval veins Pcu and
A, thickened at base; distinct sigmoid oblique veinlets mp-cua and icua in well basad half
of tegmen; apical portion of tegmen with supranumerary irregular veinlets and secondary
veinlets forming polygonal cells and false longitudinal ‘veins’; postclaval portion slightly
widened; the part of apical margin occupied by terminals of MP distinctly smaller than part
occupied by terminals of CuA.

These Jurassic families are the oldest taxa ascribed to Fulgoroidea. Monotypic
Qiyangiricaniidae pose a problem of too little information for proper placement, as it seems
to be strongly modified and specialized form, bearing many apomorphic features in tegminal
pattern. Fulgoridiidae with 17 genera and 124 species, mostly not referred after the description
and never revised, require thorough revision before any sensible conclusions could be
made. This unit is paraphyletic assemblage (BourGomNn & Szwepo 2008, Szwepo et al. 2011,
Szwepo 2018), believed to contain ancestors of modern Fulgoroidea families. However, the
exact relationships of the taxa placed in ‘Fulgoridiidae’ within the group, relationships of
‘Fulgoridiidae’ with the other Fulgoroidea, or even a placement of ‘Fulgoridiidae’ (e.g. as
subfamily in Cixiidae — SHCHERBAKOV 1996) are not resolved.

Cixiidae-like clade and placement of Cixiidae. Cixiidae SpiNoLA, 1839 (type species:
Cixius LatreiLLE, 1804; Cretaceous: Barremian—Recent) is a group difficult to give
unambiguous list of apomorphies. The diagnostic features of the family are tegmina usually
with tubercles and setaec on veins; abdominal tergites 6-8 subrectangular; females with
caudally directed wax plates on tergite 9 and ensiform or porrect ovipositor, or wax plates
absent and ovipositor sword-shaped. The Cixiidae are yet to be proved as a monophyletic
lineage (CeotTo & Bourcoin 2008, CeotTo et al. 2008).

Delphacidae Leach, 1815 (type genus: Delphax FaBricius, 1798; Eocene: Lutetian—
Recent) are easy to recognise by presence of movable spur (calcar) on the tip of metatibia.
This unique autapomorphy clearly separate Delphacidae form other Fulgoroidea families.
However, some former (HOLZINGER et al. 1997) and recent (BucHER & BourGoin 2019) results
of molecular investigations nested at least part of Delphacidae within Cixiidae.

Kinnaridae Muir, 1925 (type genus: Kinnara Distant, 1906; Miocene: Burdigalian—
Recent) may not be easy to discriminate, as they closely resemble Cixiidae, differing in
forewings without tubercles on veins; abdominal tergites 6-8 chevron shaped, females with
wax plates on tergites 7-9; ovipositor greatly reduced.

96



Meenoplidae FIEBER, 1872 (type genus: Meenoplus FIEBER, 1866 (Recent) may be
recognised by combination of features: tegmina with tubercles on one or both claval veins,
often pulverulent; rostrum with apical segment longer than wide; second metatarsomere with
apical row of teeth; both male and female external genitalia shortened.

Lalacidae HamiLton, 1990 (type genus: Lalax Hamicton, 1990; Cretaceous: Barremian—
Aptian) could be recognised by combination of characters: double, transverse carinae on the
border of vertex and frons; median ocellus usually present, close to frontoclypeal suture;
tegmina with appendix wide, striated, stem CuA usually with four terminals; apices of
metatibiae, basimetatarsomeres and midmetatarsomeres widened, with row of apical teeth
and often with short subapical setae; ovipositor ensiform.

Neazoniidae Szwepo, 2007 (Szwepo 2007a) (type genus Neazonia Szwepo, 2007
Cretaceous: Barremian—Albian) are known for the moment only from the nymphs presenting
very special conformation of sensory pits grouped in triplets or quadruplets, with sensory
setae directed mediad; rostrum very long, often exceeding length of body.

Perforissidae  SHcHERBAKOV, 2007 (SHCHERBAKOV 2007a) (type genus: Perforissus
SucHERBAKOV, 2007); Cretaceous: Barremian—Santonian) can be recognised by the compact
bodies, with habitus resembling Caliscelidae; head, pronotum, mesonotum and abdomen
with rounded sensory pits; large and wide pronotum, deeply cleft posteriorly; narrow tegmina
with four longitudinal veins, weakly branched apically; apex of metatibia with row of teeth
and subapical setae; basimetatarsomere and midmetatarsomere with row of apical teeth, and
variably present subapical setae; ovipositor ensiform.

Mimarachnidaec SHcHERBAKOV, 2007 (SHCHERBAKOV 2007b) (type genus Mimarachne
SucHErRBAKOV, 2007; Cretaceous: Lower Barremian—Turonian) can be identified by
combination of characters: remnants of sensory pits in imagines, pronotum and mesonotum
with double median carina; tegmina with longitudinal venation simplified and meshwork
of veinlets; basal cell absent or weakly delimited, clavus open; hind wings with stem MP
single, meshwork of veinlets and multiple veins on anal field; prolegs and mesolegs with
two tarsomeres and tarsal claws distinct; metatibia without lateral teeth; apical pecten of
metatibia of 4-8 teeth, sometimes setigerous; metatarsal pectens of 4—10 teeth.

In most papers regarding fulgoroid phylogeny, whether they are based on morphological
(AscHE 1988, EMELIANOV 1990b, YANG & CHANG 1995, BourGOIN ef al. 1997, Szwepo 2009)
or molecular (BourGoN ef al. 1997, UrBAN & Cryan 2007, 2012) data, the clade Cixiidae+,
containing families Cixiidae with its presumed sister group Delphacidae, and also Kinnaridae
+Meenoplidae complex of families was revealed. The concept of ‘cixiid-like’ group of
families was proposed by BourGoiN and Szwepo (2008) to include also several fossil groups,
i.e. Lalacidae, Neazoniidae, Perforissidae, and added later, the Mimarachnidae. Regarding
Cixiidae+, the mimarachnids — Chalicoridulum montsecensis SzwEeDO et ANSORGE, 2015 and
Mimamontsecia cretacea SzWEDO et ANSORGE, 2015 (early Barremian of Spain), and cixiids
— “Cixius’ petrinus FENNAH, 1961 (Barremian of UK) and Karebodopoides aptianus (FENNAH,
1981) (late Barremian amber of Lebanon), present the oldest known so far fossils (Table
1). Several hypotheses already proposed (EmMELIANOV 1990b, BourRGOIN ef al. 1997; URBAN
& Cryan 2007,2012), placed Cixiidae in the basal portion of the relationships tree. The oldest
unambiguous Delphacidae — Serafinana perperunae Gesick1 et Szwepo, 2000 is reported
from the Eocene Baltic amber (GEgBickl & Szwepo 2000), the oldest record of Kinnaridae
comes from the Miocene Dominican amber — Oeclidius salaco EMELIANOV et SHCHERBAKOV,
2000, Oeclidius browni BourGoIN et LEFEBVRE, 2002 and Quilessa stolida EMELIANOV et
SucHErBAKOV, 2000 (EMELIANOV & SHCHERBAKOV 2000, BoURGOIN & LEFEBVRE 2002).
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Cixiidae-like extinct groups. Dorytocidae EMELIANOV et SHCHERBAKOV, 2018 (type genus:
Dorytocus EMELIANOV et SHCHERBAKOV, 2018; Upper Cretaceous: Cenomanian) is another
family recorded so far only from nymphs. It resembles Perforissidae, could be recognised by
combination of features: frons and vertex separated by single carina; rostrum long; pronotum
inverted, V-shaped, with double median carina and sensory pits, disc of pronotum much
displaced anteriorly and deeply incised posteriorly; slender legs, metatibia devoiding lateral
teeth, with asetigerous apical row of teeth; basi- and midmetatarsomeres with row of apical
teeth and subapical setae.

Jubisentidae ZHANG, REN et Yao, 2019 (type genus Jubisentis ZHANG, REN et Yao, 2019;
Upper Cretaceous: Cenomanian) externally resemble Perforissidae, could be recognised
by following combination of characters: body and tegmina covered with long and dense
setae; sensory pits absent at adult stage; frons and vertex separated by double carina; rostrum
extending beyond hind coxae; pronotum shifted anteriorly between compound eyes, posterior
margin shallowly incised, median carina present in only in posterior area; mesonotum
without carinae; tegulae absent, tegmina subbrachypterous with indistinct venation; hind
wings absent; legs foliaceous, hind tibiae without lateral teeth, basi- and midmetatarsomeres
with subapical setae; male pygofer elongate, female ovipositor ensiform.

With recent description of families Dorytocidae and Jubisentidae, the situation went
bewildering. Lalacidae shares some features, viz. double carination separating frons and vertex,
presence of median ocellus, basi- and midmetatarsomeres with subapical setae, ensiform
ovipositor with some ‘Fulgoridiidae’ and Cixiidae. On the other hand, enlargement of tegminal
appendix and striations and widening of apical portions of metatibia and metatarsomeres
resemble situation in Kinnaridae+Meenoplidae complex. SucHERBAKOV (2007b) suggested
that Mimarachnidae should be placed in ‘pre-cixioid section of Fulgoroidea’, descending
from ‘Fulgoridiidae’ in parallel with Lalacidac and Perforissidae. Szwepo (2009) placed
Neazoniidae as related to Kinnaridaec-Meenoplidae, but Mimarachnidaec and Lalacidae in
polytomy; Perforissidae were placed as sister group to Cixiidae+Delphacidae clade. This
changed with more fossil taxa described in known families and with new families to put in
the framework. Neazoniidae and Mimarachnidae seems to group together (work in progress),
The placement of Lalacidae, placement and status of the families Perforissidae, Dorytocidae
and Jubisentidae seems to be more complex.

With new discoveries of the fossils which could represent more family-level groups of
this complex and better understanding of morphological features the ‘cixiid-like’ group of
families and number, definition and content of families included must be reconsidered. Also
new molecular approach, with better sampling and pointing the ‘critical’ taxa is necessary to
aim (work in progress).

Achilidae, Achilixiidae, Derbidae clade. Achilidae StAL, 1866 (type genus: Achilus
KirBY, 1818; Cretaceous: Aptian—Recent) are very often discriminated by tegmina widened
and overlapping posteriorly and open clavus, with claval veins Pcu+A, entering truncate
apex of clavus; body in most cases dorso-ventrally flattened, tegmina usually held almost
horizontally, sometimes folded over the abdomen; the other features are: male pygofer
flattened horizontally, with medioventral projection, gonostyles lobe-like, aedeagal complex
bilaterally symmetrical; ovipositor shortened of fulgorid-type.

Achilixidae Mumr, 1923 (Mulr 1923a) (type genus: Achilixius Mur, 1923; Recent) are
characterized by laterally compressed body, compressed head capsule; rostrum with long
apical segment; tegulae large; tegmina steeply tectiform and fairly transparent, with costal
margin concave at base, clavus open; one or two pairs of processes laterally on the abdomen
between segments 3 and 5, male genitalia with base of acdeagus attached to a sclerotized
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bar across the pygofer; ovipositor short, of fulgorid-type. They resemble Achilidae (tegmina
widened apically); presence of lateral processes on third and fourth abdominal segments is
an autapomorphy of the tribe Bennini (Cixiidae) and the lateral expansions of the fourth and
fifth abdominal segments are an autapomorphy of the tribe Bennarellini (Cixiidae).

Derbidae SeiNoLa, 1839 (type genus: Derbe Fapricius, 1803; Eocene: Lutetian—Recent)
are very variable morphologically: head may be quite compressed in shape, median carina of
the frons absent; antennae may be enlarged or bizarrely shaped, rostrum with apical segment
subequal in length and width, shorter than subapical one; sensory pits could be present on the
head, thorax and tegmina; tegmina variable, with clavus open to strongly reduced, sometimes
with tubercles on claval veins; legs are characterized by a row of teeth on the metatibia, basi-
and midmetatarsomeres with row of apical teeth or midmetatarsomere with lateral teeth only;
gonostyles much longer than pygofer; ovipositor short, of fulgorid-type.

Achilidae and Achilixiidae were commonly grouped together (EmELIANOV 1990b,
BourcoiN et al. 1997), sometimes even as Achilidae-Achilixiidae complex (BourGoin
& CampBeLL 2002) or intertwined with Derbidae (UrBAN & Cryan 2007, Szwepo 2009).
Fossil record of Achilidae is reaching more back, to Aptian, while oldest Derbidae come
from the Eocene Baltic amber, and no fossil Achilixiidae are known. While borders between
those three families are in many places blurred, there is currently no clear evidence for any
changes. Although new findings of inclusions in the mid-Cretacous Burmese amber and re-
interpretation of known disparity of fossil and extant taxa, put some ferment in this — these
seem to fit nicely in-between these families (Brysz & Szwepo, in prep.).

Dictyopharidae-Fulgoridae clade. Dictyopharidae SpmNora, 1839 (type genus:
Dictyophara GERMAR, 1833; Cretaceous: Santonian—Recent) are defined by a combination
of characters: frons with two or three median carinae and/or head with elongate anterior
projection, if not, then tegulaec absent; tegmina generally transparent, although in some
macropterous forms tegmina patterned, and in brachypterous forms opaque; hind wings with
anal area not reticulate, most species bear apical crossveins; legs usually slender and elongate,
with three to five stout spines along the posterior margin of the metatibia; the profemora and/or
protibiae in some taxa expanded; a row of spines at the apex of the second metatarsomere.

Fulgoridae LaTreILLE, 1807 (type genus: Fulgora LINNAEUS, 1767; Eocene: Ypresian—
Recent) may be recognised by combination of characters: head usually with a transverse
suture separating vertex from frons; second metatarsomere with row of teeth; hindwings with
numerous cross veins near apex and in anal area; aedeagus with inflatable lobes; ovipositor
short.

Yetkhatidae SonGg Z.S., Szwepo et BourcomN, 2019 (type genus: Yetkhata Song,
Szwepo et Bourcgoin; Cretaceous: Cenomanian) can be recognised by following
combination of characters: vertex in its width shorter than pronotum, trigones present;
frons with median carina extending on clypeus; anteclypeus without lateral carinae;
antennae shorter than eyes, pedicel apically truncated; genae slightly visible in frontal
view; rostrum long, surpassing middle of hind femora; pronotum with one longitudinal
lateral carina between eyes and tegulae; mesonotum tricarinate in disc but posteriorly with
a pair of short intermediate carinae; tegmina membranous, hyaline, and flat; pterostigmal
area elongate; basal cell triangular, elongated; veins ScP+R and MP with a short common
stem; ScP+R and CuA forking earlier than MP; MP forking late at nodal level with three to
five branched distally; CuA two-branched; hindwings with simple venation and mp-r and
cua-mp cross veins; hind tibiae with two to three lateral spines, the basal spine small; apical
teeth of hind tarsomeres I and II with long platellae (thick subapical setae); ovipositor of
fulgoroid type with strongly developed endogonocoxal process.
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Dictyopharidae and Fulgoridae are paired together as sister groups based on both
molecular (UrBaN & Cryan 2007, 2012) and morphological data (EmELIANOV 1990D,
BourcoiN 1993a, Szwepo 2009), as well as their combination (BourGoiN & CampBELL 2002).
Although the most recent results by SonG et al. (2018) set again the question about definitions
and limits of Dictyopharidae and Fulgoridae and placement of some groups recognized
within these families. Nonetheless the amount of accumulated data confirms their close
relation and they are sufficient for placing them together. Their morphological characteristics
in many characters dovetail and their familial status needs to be reconsidered. The recently
added fossil family Yetkhatidae seems to be in relation to Dictyopharidae and Fulgoridae,
and another group is going to be described (SoNG Z.S. et al., in prep.), therefore this clade as
well as content, and concept of units within seem to be again disputable.

The question of ‘intermediate’ clade. The division between ‘basal’ or ‘lower’ and ‘higher’
Fulgoroidea is not something set in stone, this recognition has no pretention to recognise
a taxonomic unit, neither a lineage. Instead being subjected to drifting, there is a group of
families balancing on the border between them. This ‘intermediate’ position was suggested
by BARTLETT et al. (2014) for Kinnaridae-Meenoplidae and Achilidae-Achilixiide-Derbidae
clades. Interestingly, according to this interpretation Dictyopharidae-Fulgoridae clade and
Lophopidae-Eurybrachidae clade are placed in tritomy with all families treated as ‘higher’
Fulgoroidea, viz. Flatidae Spmora, 1839, Issidae Spinora, 1839, Nogodinidae MELICHAR,
1898, Tettigometridae GERMAR, 1821, Acanaloniidae AMYOT et AUDINET-SERVILLE, 1843,
Tropiduchidae StAL, 1866, Ricaniidac AmyoT & AUDINET-SERVILLE, 1843 and Caliscelidae
AmyoT et AUDINET-SERVILLE, 1843, with polyphyletic status of some of them recognized
and the placement of Gengidae FEnnaH, 1949 and Hypochthonellidae CHINA et FENNAH,
1952 not treated. These two families were postulated to group with Eurybrachidae and
Flatidae respectively (O’Brien 2002) and had never been included in molecular phylogeny.
Eurybrachidae StAL, 1862 and Lophopidae StAL, 1866 are families quite well established
in both morphological and molecular data, with fossil record of Lophopidae reaching back
to Palaeocene (STroiNsk1 & Szwepo 2012b, Szwepo et al. 2015). Based on molecular data
(SonG N. et al. 2013) and relatively old fossil record of Lophopidae (Palacocene: Thanetian
— Szwepo et al. 2015, Szwepo 2018), this clade could be placed in ‘higher’ Fulgoroidea
or in intermediate position. Another family, Tropiduchidae StAL, 1866 is troublemaking, as
by tradition placed in ‘higher’ Fulgoroidea, its monophyly is challenging, due to numerous
taxonomic changes and replacements (GNEzpiLov 2013b, WaNG R.R. ef al. 2017, Szwepo
& StroINsKI 2017). At least part of Tropiduchidae share (superficially?) some morphological
characters with Dictyopharidae and Lophopidae, thus their intermediate position is postulated
here and supported by fossil record of the family reaching Upper Cretaceous (Szwepo 2018).

5. Shaping and pruning the Fulgoroidea tree

Based on recent opinions and evidences, the tentative tree which combines morphological,
fossil and the reliable part of molecular data (often taxonomic sampling is limited and
‘critical’ taxa not included) could be presented (Fig. 13). This scheme covers also recently
recognized fossils, but not yet formally described (work in progress) which influenced the
topology of the tree. This tree must be considered as hypothesis awaiting further testing
and as proposal pointing the recent needs in investigations of phylogeny of Fulgoroidea.
Going from the root — the concept and content of ‘Fulgoridiidae’ seems to be a crucial point
to resolve the questions of basal Fulgoroidea. Due to supposed polyphyletic character of
Cixiidae (Ceotto & BourGoin 2008, CEoTTO ef al. 2008) this groups is another challenge, as
often treated as the most basal one among recent fulgoroides. Numerous new fossils from

100



the Cretaceous, which are attributable to cixiidae-like planthoppers, raised more questions
on morphological definition and characters of Cixiidae, their definition and content. The
status and relationships of families placed formerly in cixiidae-like group, i.e. Kinnaridae-
Meenoplidae, Lalacidae, Neazoniidae, Mimarachnidae, Perforissidae, Dorytocidac and
Jubisentidae is to be resolved. The question if Kinnaridae should be synonymised under
Meenoplidae, as proposed by Bourcoin (1993b), remains open. Taxa ascribed to Kinnaridae
and Meenoplidae share numerous plesiomorphic features with Cixiidae (in body structures
and venation), and could be placed close to it. Extinct Lalacidae is a more problematic group,
as they bear some morphological features as e.g. head capsule structure with Fulgoridiidae,
but these are to be found also in Cixiidae. On the other hand, Lalacidae present some
(superficially?) features of tegmina and legs which are to be found also in Kinnaridae-
Meenoplidae group (HamiLton 1990). Neazoniidae and Mimarachnidae seems to be groups
evolving separately, with some special adaptations, probably more remotely related with
cixiidae-like planthoppers. The complex of Perforissidae, Jubisentidae and Dorytocidae is
covering closely related families, all of them bearing a number of neotenic features similarly
as Neazoniidae and Mimarachnidae, but with unclear relationships to the others. The lincage
covering Achilidae, Achilixiidae, Derbidae and two additional (not yet formally described)
families seems to gather related groups sharing the common ancestor, as could be proved
by number of symplesiomorphies shared by these planthoppers. However, the internal
divisions of the largest families: Achilidae and Derbidae, as well as their apomorphy-based
definitions, and taxonomic content is still a work to be done. Almost the same could be said
for Fulgoridae, Dictyopharidae, Yetkhatidae and their relative fossil group. These families
seem to represent one line, but highly diverse in the past, resulting in current problems of
good definitions based on both morphological and molecular evidences.

In respect of the other families of Fulgoroidea there are much more doubts than clear
answers. Lophopidae seems to be well defined, however their internal classification is still
under dispute (SouLIER-PERKINS 2001, EMELIANOV 2013). Eurybrachidae seem to be the closest
relatives of Lophopidae, and Gengidae was proposed to be synonymised under Eurybrachidae
(O’BrieN 2002). Flatidae, as the family is recognised recently, seems to be a monophyletic
group, however its internal classification is currently incomplete and rather ambiguous. The
family calls urgently for qualitative reclassification and quantitative phylogenetic work. Also
Ricaniidae seems to form a monophylum, however subdivision has been proposed (GNEzDILOV
2009a), separating Pharsalinae (for the genera Silvanana and Pharsalus), with the remainder
genera placed in Ricaniinae by implication. Issidae was the most taxonomically problematic
group among all planthoppers, being treated even as a taxonomic wastebasket. For a long
time Issidae internal classification was based on groupings proposed by MELICHAR (1906),
with later changes made by FennaH (1954), EMELIANOV (1999), GNEzDILOV (2002, 2003a,
b, 2007, 2009a, b, 2012a, 2013a, b, 2016) and StroINsKI et al. (2011). The classification
became better substantiated with the work of WANG M. ef al. (2016), resulting in a far more
robust phylogeny using 18S, two parts of 28S, COXI and Cytb genes. The Nogodinidae
— a poorly defined group, currently defined as polyphyletic assemblage due to move of
several planthopper taxa of uncertain affinities (UrRBAN & CryaN 2007, SonG & Lianc 2013,
GnNEezpiLov 2007, 2008, 2012b, 2017). Acanaloniidae is a small family, with complicated
taxonomic history (FENNnAH 1954, EmEeLianov 1999, Gnezpicov 2007, 2008, 2012c).
Tropiduchidae seems to be another family of doubtful monophyly and unclear relationships
within (FEnnaH 1982, Gnezpiov 2007, 2013b), comprising planthoppers believed to
be advanced morphologically, but separable into two groups — flattened with nodal line
on tegmina present (Tropiduchinae), and issid/nogodinid-like forms (Elicinae). Family
Caliscelidae was elevated from a subfamily of Issidae to a family by EMELIaANOV (1999), but
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constitutive features of this small, however differentiated group (GNezpiLov 2013¢, BourGomn
et al. 2015), remain described incompletely. Phylogenetic position of Tettigometridae, due to
specific morphological characters, once proposed as basal within Fulgoroidea, or as derived
group with simplified morphology, was clarified (BourGoN et al. 1987, UrBAN & CRYAN
2007, MozAFFARIAN et al. 2018), among the more recently diversified planthopper lineages.
The extinct Weiwoboidae is a mysterious group, presenting highly apomorphic features,
but most probably to be placed in issid/nogodinid/tropiduchid lineage. With new findings,
better sampling of fossils and better recognition of molecular data the shape of the tree and
relationships of the Fulgoroidea families (Fig. 13) could be changed.

6. Achilidae, its placement, relationships and classification

Achilidae StAL, 1866 are one of smaller extant Fulgoroidea families, currently counting
161 genera distributed in 13 tribes — 11 recent and 2 extant ones (BourGoin 2019). All
extant tribes are gathered in 3 subfamilies: Achilinae STAL, 1866 (Achilini STAL, 1866 and
Achillini EMELIANOV, 1991), Apatesoninae METCALF, 1938 (Apatesonini METCALF, 1938;
Ilvini EMELIANOV, 1991; Seviini EMELIANOV, 1991 and Tropiphlepsini EMELIANOV, 1991) and
Myconinae FEnNaH, 1950 (Amphignomini EMELIANOV, 1991; Mycarini EMELIANOV, 1991;
Myconini FENNAH, 1950; Plectoderini FENNAH, 1950 and Rhotalini FExnaH, 1950), while
both extinct tribes — Ptychoptilini EMELIANOV, 1990a and Waghildini Szwepo, 2006 were
considered not placed to subfamilies. Among the tribes, the Achilini are further divided into
3 subtribes: Achilina StAL, 1866, Cixidiina EMELIANOV, 1993 and Elidipterina FENNAH, 1950.
Most recent scheme of Achilidae tribes’ relationships, unfortunately lacking fossil data, was
presented by EMELIANOV (1993) with no later attempts done.

They are currently present in wide latitudinal gradient on all continents apart from
Antarctica (Fig. 14), more speciose in tropical and subtropical zones of the northern
hemisphere, but reaching taiga biome in the high latitudes (BARTLETT ef al. 2014, Brysz
& Szwepo 2018, GNEzpILoV et al. 2019). Achilidae are obligatory phytophagous, opophagous
terrestrial insects; considered as phloem feeders on both gymnosperms: Cupressales and
Pinales, and angiosperms: Arecales, Asparagales, Asterales, Boraginales, Cornales, Ericales,
Fabales, Fagales, Hamamelidales, Lamiales, Laurales, Malpighiales, Malvales, Myrtales,
Poales, Rosales, Sapindales, Vitales (Bourgomn 2019). Nymphs are believed to be cryptic
fungi feeders (Ascue 2015, Brysz & Szwepo 2018, Bourcomn 2019), although proper
research remain to be carried out specially on this topic.

The reported fossil record of Achilidae comprises 13 genera and 16 described species
(Szwepo et al. 2004, Szwepo 2007b, Brysz & Szwepo 2018). Despite this small number
achilid planthoppers are not very rare in fossil material from various deposits and times,
sometimes not correctly recognised or identified. Most of them are under scrutiny now,
awaiting formal descriptions and several descriptive papers are currently in preparation.

Being relatively abundant in fossil record, not a large group among recent planthoppers,
present in all regions of the world, Achilidae provide a good target group of ‘basal’ Fulgoroidea
families, to better understand the first diversification steps of the Fulgoromorpha through the
model of one of its older lineage.

7. Achilidae — content, concept and related taxa

During its taxonomic history the family Achilidae and taxa recognised within the family
were combined with or included within other more or less closely related taxa. While some
matters have been explained, confirmed or rejected, a few, including the fundamental ones
for definition, concept and content of the family remain objects of controversy to present
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day (Fig. 15). The concept of Achilidae (as subfamily Achilida within family Fulgorida) was
presented first by StAL (1866: 130): “Capite thorace angustiore; lateribus clypei carinatis;
articulo ultimo rostri elongato; thorace basi angulato-emarginato; tegminibus intus pone
clavum ampliatis; articulo primo tarsorum posticorum elongato”, [head narrower than thorax;
clypeus laterally keeled; apical segment of rostrum elongate; ventral margins of thoracic
segments angularly emarginate; tegmina widened beyond clavus; first segment of hind tarsus
clongated], as well as its content, with genera: Sevia STAL, 1866; Ilva STAL,1966; Faventia
STAL, 1866; Plectoderes SpiNnoLa, 1839; Achilus KirBy, 1818; Phypia StAL, 1862; Nelidia
StAL, 1862; Phrygia STAL, 1856; Lanuvia StAL, 1866; Cnidus STAL, 1866; Helicoptera
AMYOT et AUDINET-SERVILLE, 1843, Messeis STAL, 1862; Myconus STAL, 1862. STAL’s (1866)
concept was adopted by Muir (1923b) defining Achilidae as planthoppers with tegmina
when at rest placed nearly horizontal or but slightly tectiform; hind margin beyond clavus
generally expanded, and when at rest overlap. The status of Achilidae as indepentent family
was challenged by Haupt (1929), who placed it as subfamily of Cixiidae (Fig. 15).

First subdivision of Achilidae (Fig. 15) was proposed by METcALF (1938, 1948), who
proposed split it into two subfamilies: Apatesoninae, defined as: “Crown short, anterior
margin straight or concave with a single distinct transverse carina; face concave the lateral
margins strongly elevated; tegminae steeply tectiform, not over-lapping, apex of clavus
broadly rounded, claval veins ending in apex; subcostal vein with numerous veinlets to costal
margin near apex” and containing genera Apateson FOWLER, 1900 and Ateson METCALF,
1938; and Achilinae containing Achilidae genera with “body depressed; the tegminae nearly
horizontal overlapping, more or less beyond apex of clavus; crown produced, separated from
forehead by one or two carinae” (METCALF 1938). The content for these subfamilies was later
enlisted (METcALF 1948). Later, FENNaH (1950) divided Achilidae into seven tribes: Rhotalini,
Myconini, Elidipterini, Breddiniolini, Achilini, Apatesonini and Plectoderini. According to
FennaH (1950), the Achilidae, belongs to a group which includes Achilixiidae, Meenoplidae,
and Kinnaridae. This tribal subdivision of Achilidae was in use up to 1990’s. Two papers of
EMmELIANOV (1991, 1993) proposed a new system of Achilidae classification. The content of
the family was widened by inclusion of Achilixiidae Muir, 1923 (Muir 1923a). However,
the enlarged concept of the family, its features and autapomorphies were not presented, and
Achilidae in this widened meaning is defined only by taxa included, viz. by the content. The
character believed as distinctive for the family, viz. more or less flat positioning of the tegmina
was considered as plesiomorphic. Also some other characters as non elongate basal cell of
the hind wing (however, not present in all representatives!) and presence of femorotibial
and two median teeth on metatbia were considered as plesiomorphic. Thus the family new
definition is based on its content. EMELIANOV (1991, 1993) submerged Achilixiidae within
Achilidae, and divided Achilidae into three subfamilies — Achilixiinae Muir, 1923 (MuIr
1923a), Bebaiotinae MuIr, 1924 and Achilinae STAL, 1866.

The family Achilixiidae Muir, 1923 (Muir 1923a) was described originally as family
of its own with one genus Achilixius MuIr, 1923 (Muir 1923a) and expanded by addition of
another genus — Bebaiotes MUIR, 1924 (MuIR 1924). The family was then reviewed by WiLsoN
(1989). Few years later, LianG (1999) based on antennal morphology investigations suggested,
that Achilixiidae should be instead considered as part of Cixiidae, and in a following paper
(L1anG 2001) confirmed this decision. The observations of LianG (1999, 2001) were based on
the genus Achilixius, and were not universally accepted. Another challenge to EMELIANOV’S
(1991) opinion came from molecular research carried out by UrRBAN & Cryan (2007). In this
study, the genus Bebaiotes was shown as a representing a taxon independent from Cixiidae
Spmvora, 1839, versus LianG’s opinion (1999, 2001), but placed between Achilidaec and
Derbidae. Both Achilixiinae and Bebaiotinae were reunited again as a separate, sister family
to Achilidae — Achilixiidae MuIr, 1923 (Muir 1923a) (BARTLETT et al. 2014, 2018, BOURGOIN
2019; Fig. 15).
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EmELIANOV (1991, 1993) subdivided Achilinae into three supertribes: Achilites STAL, 1866
— with tribes Achilini and Achillini, Apatesonites METCALF, 1938 — with tribes Apatesonini,
Ilvini, Seviini and Tropiphlepsini and Myconites FENNaH, 1950 — with tribes Amphignomini,
Breddiniolini, Mycarini, Myconini, Plectoderini and Rhotalini. The tribe Achilini is the only
further subdivided, with subtribes: Achilina StAL, 1886, Cixidiina EMELIANOV, 1993 and
Elidipteridina Fennan, 1950 (Fig. 15). Subsequent change in the classification of Achilidae
is the placement of the tribe Breddiniolini FEnnag, 1950. When established, it was placed as
tribe within Achilidae (FEnnaa 1950). EMELIANOV (1993) placed it as tribe in the subfamily
Achilinae, supertribe Myconites FEnnan, 1950. More than decade later, the tribe was
transferred to Derbidae Spmora, 1839 and subfamily Cedusinae EMELIANOV, 1992, based
on wing venation, male genitalia and presence or lack of both wax pores and sensory pits
(EMELIANOV & FLETCHER 2004).

The placement of the extinct tribe Ptychoptilini EmMELIANOV, 1990 (EMELIANOV 1990a)
remains unclear. Originally it was placed in Achilidae, it was not covered in Achilidae
classification papers of EMELIANOV (1991, 1993). The peculiarities of venation and other
morphological structures suggested closer relationships of Ptychoptilini and placement in
family Derbidae (Cedusinae) tribes Ipsnolini EMELIANOV, 1995 and Vinatini EMELIANOV,
1992 (Szwepo & Stromsk1 2001, Szwepo 2008). This transfer (Szwepo 2008: 110) was later
rejected, and Ptychoptilini were listed back in Achilidae (Brysz & Szwepo 2018), but the
tribe and its taxa are listed in Derbidae: Cedusinae in FLOW database (BourGomn 2019).

Recently, BARTLETT et al. (2018), considered and characterised Achilidae in more limited
way, i.e. excluding Achilixiidae, stating that traditional Achilidae (Achilixiidae excluded) can
be treated as containing three subfamilies, based on EMELIANOV’s (1991, 1993) supertribes.

The current classification of Achilidae (Fig. 15) comprise unplaced to subfamily extinct
Ptychoptilini, subfamilies: Achilinae (tribe Achilini with subtribes Achilina, Cixidiinae,
Elidipterina and tribe Achillini), Apatesoninae (tribes Apatesonini, Ilvini, Seviini and
Tropiphlepsiini) and Myconinae (Amphignomini, Mycarini, Myconini, Plectoderini,
Rhotalini and extinct Waghildini).

8. New Achilidae from Myanmar amber

Enormously rich record of fossil insects in Myanmar amber reveal surprising specimens
ascribable to Achilidae. These finding reshaped the existing opinions on the family its
evolution and relations between some of the tribes. Findings of specimens presenting
distinguishing features of tribes believed to be more ‘basal’ according to EMELIANOV’S
(1993 tree, i.e. Plectoderini together with specimens sharing the constitutive features with
‘advanced’ Apatesonini put new doubts and questions, challenging the classification and
relationships tree of Achilidae. The detailed studies are conducted (Brysz, in prep.) now with
several works to be published concerning these fossils.

9. Conclusion

Achilidae and their closest relatives — Derbidae and Achilixiidae, are crucial to understand
the beginnings of diversification of planthoppers and reconstruction of Fulgoroidea phylogeny,
relationships and evolutionary traits. These planthoppers are still a “black-box of mystery”,
but full of undiscovered jewels of knowledge. Position on the evolutionary tree, definition,
taxonomic range and content, internal subdivisions and relationships of taxa within Achilidae
are still challenging questions. With new data from fossils, and hopefully data from molecular
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investigations, not available up to date, the cover of the box could be at least ajar, if not fully
open. The planthoppers, the highly differentiated and economically important insects deserve
more attention and understanding of their classification and phylogeny are of benefit for
science and society.

Acknowledgements

This work was funded by Polish National Science Centre ‘Preludium’ grant No.
2017/25/N/NZ8/02052 awarded to AMB.

References

Amorm D. de S. 1982. Classificagdo por seqiienciagdo: uma proposta para a denominagdo dos ramos
retardados. Revista brasileira de Zoologia 1(1): 1-9.

Amyot C.J.B., AUDINET-SERVILLE J.G. 1843. Deuxiéme partie. Homoptéres. Homoptera Latr. Histoire
Naturelle des insectes. Hemiptéres 1843. Librairie encyclopédique de Roret, Paris, 1-676.

Ascoe M. 1988. Preliminary thoughts on the phylogeny of Fulgoromorpha (Homoptera,
Auchenorrhyncha), pp. 47-53, In: Vipano C., ArzonE A. (Eds.), Proceedings. 6™ Auchenorrhyncha
Meeting, Turin, Italy, 7-11 Sept. 1987.

AscrE M. 2015. The West Palaearctic Achilidae (Hemiptera, Fulgoromorpha: Fulgoroidea) — a review
with description of five new species from the Mediterranean. Nova Supplementa Entomologica 25:
1-135.

Ax P. 2000. Das System der Metazoa. II. Ein Lehrbuch der phylogenetischen Systematik. Gustav
Fischer Verlag, Stuttgart-Jena-New York, Akademie der Wissenschaften und der Literatur, Mainz,
xxiv+396 pp.

BARTLETT C.R., O’BRIEN L.B., WiLson S.W. 2014. A review of the planthoppers (Hemiptera: Fulgoroidea)
of the United States. Memoirs of the American Entomological Society 50: 1-287.

BartLerT C.R., DEITZ L.L., DMITRIEV D.A., SANBORN A.F., SOULIER-PERKINS A., WALLACE M.S. 2018.
The diversity of the true hoppers (Hemiptera: Auchenorrhyncha), pp. 501-590, In: FoortiT R.G.,
ApLer P.H. (Eds.) Insect biodiversity. Science and society, 2. Wiley-Blackwell, Oxford. https://doi.
org/10.1002/9781118945582.ch19

Becker-MiGpisova E.E. 1962. Nekotorye novye poluzhestkokrylye i senoedy. Paleontologicheskii
Zhurnal (1): 89—104.

Bourcomw T. 1993a. Female genitalia in Hemiptera Fulgoromorpha, morphological and phylogenetic
data. Annales de la Société entomologique de France 29: 225-244.

Bourcomw T. 1993b. Cladisitic analysis of the Meenoplidae-Kinnaridae genera: The Kinnaridae,
a paraphyletic family (Hemiptera, Fulgoromorpha), pp. 22-24, In: DrosoprouLos S., PETRAKIS P.V.,
CrariDGE MLF., de VRuER P.W.F. (Eds.), Proceedings of the 8" Auchenorrhyncha Congress, Delphi,
Greece, 9-13 Aug. 1993.

Bourcomw T. 2019. FLOW (Fulgoromorpha Lists on The Web): a world knowledge base dedicated to
Fulgoromorpha. Version 8, updated 2019-09-28. http://hemiptera-databases.org/flow/

Bourcomw T., CampBELL B.C. 2002. Inferring a phylogeny for Hemiptera: falling into the ‘autapomorphic
trap’, In: HoLzinger W. (Ed.), Zikaden — leathoppers, planthoppers and cicadas (Insecta: Hemiptera:
Auchenorrhyncha). Denisia 04, zugleich Kataloge des OO. Landesmuseums Linz, Neue Folge 176:
67-82.

BourGoin T., LereBvRe F. 2002. A new fossil Kinnaridae from Dominican amber (Hemiptera:
Fulgoromorpha). Annales Zoologici 52(4): 583-585.

Bourcomw T., Szwepo J. 2008. The ‘cixiid-like” fossil planthopper families. Bulletin of Insectology
61(1): 107-108.

Bourcomw T., STEFFEN-CamPBELL J.D., CampBELL B.C. 1997. Molecular phylogeny of fulgoromorpha
(Insecta, Hemiptera, Archaeorrhyncha). The enigmatic Tettigometridae: evolutionary affiliations
and historical biogeography. Cladistics 13(3): 207-224. https://doi.org/10.1111/j.1096-0031.1997.
tb00316.x

105



BourGoiN T., Viones LEBBE R., BaiLLy N. 2019. Visualisation of Taxonomic Knowledge: Exploring
and reporting taxonomic data, training students in taxonomy. Biodiversity Information Science and
Standards 3, €37730: 1-3. https://doi.org/10.3897/biss.3.37730

Bourgoin T., WaNG RonG-RoNG, GNEzpiLov V.M. 2015. First fossil record of Caliscelidae (Hemiptera:
Fulgoroidea): a new Early Miocene Dominican amber genus extends the distribution of Augilini to
the Neotropics. Journal of Systematic Palaeontology 14(3): 211-218. https://doi.org/10.1080/147
72019.2015.1032376

Brysz A.M., Szwepo J. 2018. The fossil record of the planthopper family Achilidae, with particular
reference to those in Baltic amber (Hemiptera: Fulgoromorpha). Earth and Environmental
Science Transactions of the Royal Society of Edinburgh 107: 279-288. https://doi.org/10.1017/
S175569101700041X

BucHer M., Bourcomn T. 2019. Which biases still hamper a solid planthopper phylogeny? /6"
International Auchenorrhyncha Congress, 12" International Workshop on Leafhoppers and
Planthoppers of Economic Significance, Cuc Phuong NP, Vietnam, July 2nd - 8", 2019. Program
and Abstracts. Vietnam National Museum of Nature, Hanoi, pp. 52-53.

CampBELL B.C., STEFFEN-CAMPBELL J.D., GILL R.J. 1994. Evolutionary origin of whiteflies (Hemiptera:
Sternorrhyncha: Aleyrodidae) inferred from 18S rDNA sequences. Insect Molecular Biology 3(2):
73-88. https://doi.org/10.1111/j.1365-2583.1994.tb00154.x

Ceotto P., BourGom T. 2008. Insights into the phylogenetic relationships within Cixiidae (Hemiptera:
Fulgoromorpha): cladistic analysis of a morphological dataset. Systematic Entomology 33(3): 484—
500. https://doi.org/10.1111/j.1365-3113.2008.00426.x

Ceotto P., KERGOAT G.J., RAsPLUS J-Y., BourGgomn T. 2008. Molecular phylogenetics of cixiid planthoppers
(Hemiptera: Fulgoromorpha): New insights from combined analyses of mitochondrial and
nuclear genes. Molecular Phylogenetics and Evolution 48(2): 667-678. https://doi.org/10.1016/j.
ympev.2008.04.026

CHEN PEnt, SHEN Yan-BIN. 1980. On the Paraleptestheria menglaensis fauna with reference to the
age of the Lofochai Group. Acta Palaeontologica Sinica 19: 182—189. [In Chinese with English
abstract].

CHEN SHUO, YANG CHUNG-Tu. 1995. The metatarsi of Fulgoroidea (Homoptera: Auchenorrhyncha).
Chinese Journal of Entomology 15: 257-269.

CHINA W.E., FENNAH R.G. 1952. On a remarkable genus of Fulgoroid Homoptera representing a new
family. Annals and Magazine of Natural History, Series 12, 5: 189-199.

CryanJ.R., UrBANJ.M. 2012. Higher-level phylogeny of the insect order Hemiptera: is Auchenorrhyncha
really paraphyletic? Systematic Entomology 37(1): 7-21. https://doi.org/10.1111/j.1365-
3113.2011.00611.x

Cut YInGg, XiE QianGg, Hua JimMeEng, DanG Kai, Zuou Jianru, Liu Xiaocuang, WaNG Gang, YU
XN, Bu Wensun. 2013. Phylogenomics of Hemiptera (Insecta: Paraneoptera) based on
mitochondrial genomes. Systematic Entomology 38(1): 233-245. https://doi.org/10.1111/.1365-
3113.2012.00660.x

Distant W.L. 1906. The fauna of British India, including Ceylon and Burma. Rhynchota. Vol.
3, (Heteroptera—Homoptera). Taylor & Francis, London, xvi+503 pp.

EmELIANOV A.F. 1983. Nosatka is mela Taimyra (Insecta, Homoptera). Paleontologicheskii Zhurnal
3: 79-85. Published in English as: YEMEL’vyanov A.F. 1984. Dictyopharidae from the Cretaceous
deposits on the Taymyr peninsula (Insecta, Homoptera). Paleontological Journal 17(3): 77-82.

EMELIANOV ALF. 1990a. Novye rod i triba semeistva Achilidae (Homoptera, Cicadina) iz baltiiskogo
yantarya [A new genus and tribe of the family Achilidae (Homoptera, Cicadina) from the Baltic
amber]. Vestnik zoologii 1: 6-10 [in Russian].

EmELIaNOv ALF. 1990b. Opyt postroeniya filogeneticheskogo dreva fulgoroidnykh tsikadovykh
(Homoptera, Cicadina). Entomologicheskoe Obozrenie 69(2): 353-356. Published in English as:
EMEL’vANOV, A.F. (1991) An attempt of construction of a phylogenetic tree of the planthoppers
(Homoptera, Cicadina). Entomological Review 70(1), 24-28.

EmELIANOV ALF. 1991. K voprosu ob obeme i podrazdeleniyakh sem. Achlidae (Homoptera, Cicadina).
Entomologicheskoe Obozrenie 70(2): 373—393. Published in English as: YEMEL yanov, A.F. 1992.
Toward the problem and limits and subdivisions of Achilidae (Homoptera, Cicadina). Entomological
Review 71(1): 53-73.

106



EmeLianov ALF. 1992. Dve novye triby, novyi rod i novyi vid semeistva Derbidae (Homoptera,
Fulgoroidea) [Two new tribes, a new genus and a new species of the family Derbidae (Homoptera,
Fulgoroidea)]. Vestnik zoologii 4: 19-23 [in Russian].

EmELIaNOV ALF. 1993(1992). Opisanie trib podsem. Achilinae (Homoptera, Achilidae) i utochnenie ikh
sostava. Entomologicheskoe Obozrenie 71(3): 574-594. Published in English as: YEMEL’yaNOV,
A.F. 1993. Description of tribes of the subfamily Achilinae (Homoptera: Achilidae) and revision of
their composition. Entomological Review 72(6): 7-27.

EmELIANOV ALF. 1994. Pervaya iskopaemeaya nakhodka semeistva Derbidae I pereopsanie paleogenovo
roda Hooleya CockereLL (Achilidae) (Insecta: Homoptera: Fulgoroidea). Paleontologicheskii
Zhurnal 3: 76-82. Published in English as: EMeLiaNov ALF. 1995. The first fossil find of the Family
Derbidae and a redescription of the Paleogene genus Hooleya CockereLL (Achilidae) (Insecta:
Homoptera, Fulgoroidea). Paleontological Journal 28(3): 92—101.

EmeLianov ALF. 1999. Notes on delimitation of families of the Issidae group with description of
a new species of Caliscelidae belonging to a new genus and tribe (Homoptera, Fulgoroidea).
Zoosystematica Rossica 8(1): 61-72.

EmEeLianov ALF. 2013. Razdelenie sem. Lophopidae (Homoptera, Auchenorrhyncha: Fulgoroidea) na
posemeistva i triby s pisaniem dvukh novykh trib. Entomologicheskoe Obozrenie 92(4): 720-723.
Published in English as: EMELIANOV A.F. 2014. On the subdivision of the family Lophopidae
(Homoptera, Auchenorrhyncha: Fulgoroidea) on the subfamilies and tribes with description of two
new tribes. Entomological Review 94(2): 208-210.

EMELiaNOV ALF., FLETCHER M.J. 2004. Hemielissum evansi, a new genus and species of Breddiniolini
(Hemiptera: Fulgoromorpha), being the first Australian record of the tribe, with a discussion of the
taxonomic position of the Breddiniolini. Australian Journal of Entomology 43: 38—42. https://doi.
org/10.1111/j.1440-6055.2004.00403.x

EmeLianov ALF., SHcHERBAKOV D.E. 2000. Kinnaridae and Derbidaec (Homoptera, Fulgoroidea) from
the Dominican amber. Neues Jahrbuch fiir Geologie und Paldontologie, Monatshefte 7: 438—4438.

EmEeLianov ALF., SucHErBAKOV D.E. 2018. The longest-nosed Mesozoic Fulgoroidea (Homoptera):
a new family from mid-Cretaceous Burmese amber. Far Eastern Entomologist 354: 1-14. http:/
doi.org/10.25221/fee.354.1

Evans J.W. 1946. A natural classification of leaf-hoppers (Jassoidea, Homoptera) Part 1. External
morphology and systematic position. Transactions of the Royal Entomological Society of London
96(3): 47-60. https://doi.org/10.1111/j.1365-2311.1946.tb00442.x

Fasricius J.C. 1798. Classis XII. Ryngota, pp. 511-524. Supplementum Entomologiae Systematicae.
Proft et Storch, Hafniae, [2]+1-572+52+[1].

Fagricius J.C. 1803. Systema Rhyngotorum secundum ordines, genera, species, adiectis synonymis,
locis, observationibus, descriptionibus. Carolum Reichard, Brunsvigiae, x+314+[1] pp.

Farren C.F. 1829. Hemiptera Sveciae. Sectio Prior. Hemelytrata. Cimicides eorumque familiae affines.
Londini Gothorum. Ex Officina Berlingiana, vi+188 pp.

FennaH R.G. 1949. A new genus of Fulgoroidea (Homoptera) from South Africa. Annals and Magazine
of Natural History, Series 12,2: 111-120.

FennaH R.G. 1950. A generic revision of the Achilidae (Homoptera: Fulgoroidea) with descriptions of
new species. Bulletin of the British Museum (Natural History) Entomology 1: 1-170.

Fennan R.G. 1954. The higher classification of the family Issidae (Homoptera: Fulgoroidea) with
descriptions of new species. Transactions of the Royal Entomological Society of London 105: 455—
474. https://doi.org/10.1111/j.1365-2311.1954.tb00772.x

Fennal R.G. 1961. The occurrence of a cixiine fulgoroid (Homoptera) in the Weald Clay. Annals and
Magazine of Natural History, Series 13, 4: 161-163. https://doi.org/10.1080/00222936108655796

FennaH R.G. 1982. A tribal classification of the Tropiduchidae (Homoptera: Fulgoroidea), with the
description of a new species on tea in Malaysia. Bulletin of Entomological Research 72: 631-643.
https://doi.org/10.1017/S0007485300008658

FeEnNAHR.G. 1987. Anew genus and species of Cixiidae (Homoptera: Fulgoroidea) from Lower Cretaceous
amber. Journal of Natural History 21(5): 1237-1240. https://doi.org/10.1080/00222938700770751

FieBer F.X. 1866. Neue Gattungen und Arten in Homoptern (Cicadina Bur.). Verhandlungen der
Kaiserlich-Koniglichen Zoologisch-botanischen Gesellschaft in Wien, 16: 497-516.

FieBer F.X. 1872. Katalog der europdischen Cicadinen, nach Originalien mit Beniitzung der neuesten
Literatur. Druk und Verlag von Carl Gerold’s Sohn, Wien, 19 pp.

107



Forero D. 2008. The systematics of the Hemiptera. Revista Colombiana de Entomologia 34(1): 1-21.

Fowrer W.W. 1900. Fam. Flatidae. pp. 4570, In: Distant J.W., FowLER W.W. (Eds.), Insecta. Rhynchota.
Hemiptera-Homoptera. Vol. 1. Biologia Centrali-Americana. Contributions to the knowledge of the
fauna and flora of Mexico and Central America. Taylor and Francis, London.

GARROUSTE R., SCHUBNEL T., OuDARD J., RoQuEs P., NEL A. 2019. The insect Konservat-Lagerstatte of
the Upper Carboniferous of Avion (France): an exceptional geoheritage, 43—44, In: NASCIMBENE
P.C. (Ed.), Abstracts. 8th International Conference on Fossil Insects, Arthropods & Amber, Santo
Domingo 2019.

Germar E.F. 1821. Bemerkungen iiber einige Gattungen der Cicadarien. Magazin der Entomologie 4:
1-106.

GerMAR E.F. 1833. Conspectus generum Cicadariarum. Revue entomologique, publiée par Gustave
Silbermann 1: 174-184.

Gesicki C., Szwepo J. 2000. A fossil ugyopine planthopper from Baltic amber (Hemiptera: Fulgoroidea:
Delphacidae). Polskie Pismo Entomologiczne 69(4): 389—395.

Gnezpiov V.M. 2002. Morfologia yaitseklada predstavitelei podsemeistva Issinae (Homoptera,
Cicadina, Issidae) [Morphology of the ovipositor in the subfamily Issinae (Homoptera, Cicadina,
Issidae).] Entomologicheskoe Obozrenie 81(3): 605-626 [in Russian].

GNEzDILOV V.M. 2003a. A new tribe of the family Issidae with comments on the family as a whole
(Homoptera: Cicadina). Zoosystematica Rossica 11(2): 305-309.

Gnezpiov V.M. 2003b. Obzor semeistva Issidae (Homoptera, Cicadina) evropeiskoi fauny
z zamiechaniyami o stroeni yaitseklada fulgoroidnykh tsikadovykh [Review of the family
Issidae (Homoptera, Cicadina) of the European fauna, with notes on the structure of ovipositor in
planthoppers.] Chteniya Pamyati Nikolaya Aleksandrovicha Kholodkovskogo (Meetings in memory
of N.A. Kholodkovsky) 56(1): 1-145 [in Russian with English summary].

GnEzpiLov V.M. 2007. On the systematic positions of the Bladinini KirkaLDY, Tonginae KirkALDY, and
Trienopinae FENNAH (Homoptera, Fulgoroidea). Zoosystematica Rossica 15(2): 293-297.

GnNEzpiLov V.M. 2008. To the taxonomy of higher Fulgoroidea. Bulletin of Insectology 61(1): 119-120.

GNEzpiLOv V.M. 2009a. Novoe podsemeistvo tsikadovykh sem. Ricaniidae AMYoT et SERVILLE
(Homoptera, Fulgoroidea). Entomologicheskoe Obozrenie 88(4): 807-812. Published in English
as: GNEzpILov V.M. 2009. A new subfamily of the planthopper family Ricaniidae AMYOT et SERVILLE
(Homoptera, Fulgoroidea). Entomological Review 89: 1082—1086.

GnEzpiLov V.M. 2009b. Revisionary notes on some tropical Issidae and Nogodinidae (Hemiptera:
Fulgoroidea). Acta Entomologica Musei Nationalis Pragae 49(1): 75-92.

Gnezpiov V.M. 2012a. On the taxonomy of some Fulgoroidea (Hemiptera). Proceedings of the
Zoological Institute RAS 316(3): 239-247.

GnezpiLov V.M. 2012b. Revizya triby Colpopterini GNezpiLov, 2003 (Homoptera, Fulgoroidea:
Nogodinidae) [Revision of the tribe Colpopterini GNezpiLov, 2003 (Homoptera, Fulgoroidea:
Nogodinidae).] Entomologicheskoe Obozrenie 91(4): 757774 [in Russian].

GNEzpILOV V.M. 2012¢. Zamechaniya o sostave i rasprostranenii sem. Acanaloniidae AMYOT et SERVILLE
(Homoptera, Fulgoroidea) [On the composition and distribution of the family Acanaloniidae Amyot
et SERVILLE (Homoptera, Fulgoroidea).] Entomologicheskoe Obozrenie 91(3): 643—-647.

GNEzpILOV V.M. 2013a. Sovremennaya sistema semeistva Caliscelidae Amyor et SErRVILE (Homoptera,
Fulgoroidea). Entomologicheskoe Obozrenie 92(4): 724—738. Published in English as: GNEzDILOV
V.M (2014) Modern classification and the distribution of the family Issidae Spwora (Homoptera,
Auchenorrhyncha: Fulgoroidea). Entomological Review 94(5): 687-697.

GnEzpiLov V.M. 2013b. Contribution to the taxonomy of the family Tropiduchidae StAL (Hemiptera,
Fulgoroidea) with description of two new tribes from Afrotropical Region. Deutsche Entomologische
Zeitschrift 60(2): 179—191. https://doi.org/10.1002/mmnd.201300024

GNEzpiLov V.M. 2013c. A modern system of the family Caliscelidae AMYOT et SERVILLE. Zoological
Journal 92(11): 1309-1311.

GNEezpiLov V.M. 2016. Zamechaniya o filogeneticheskikh otnosheniyakh tsikadovykh sem. Issidae
(Hemiptera, Fulgoroidea) fauny Zapadnoi Palearktiki s opisaniem dvukh novykh rodov.
Entomologicheskoe Obozrenie 95(2): 362-382. Published in English as: GNezpiLov V.M. 2016.
Notes on the phylogenetic relationships of planthoppers of the family Issidae (Hemiptera,
Fulgoroidea) of the Western Palaearctic fauna, with descriptions of two new genera. Entomological
Review 96: 332-347.

108



GnezpiLov V.M. 2017. Notes on higher classification of the family Nogodininae (Hemiptera:
Auchenorrhyncha: Fulgoroidea), with description of new tribe and new species. Far Eastern
Entomologist 347: 1-21. https://doi.org/10.25221/fee.347.1

Gnezpiov V.M., EmELiaNov ALF., KovaLev A.V., Fapeev K.I. 2019. Cixidia confinis (ZETTERSTEDT,
1828) (Hemiptera: Auchenorrhyncha: Fulgoroidea: achilidae) in Saint Petersburg and Leningrad
Province. Proceedings of the Zoological Institute RAS 323(3): 364-368. http://dx.doi.org/10.31610/
trudyzin/2019.323.3.364

Hamiton K.G.A. 1990. Homoptera, In: GrimaLpr D.A. (Ed.), Insects from the Santana Formation,
Lower Cretaceous, of Brazil). Bulletin of the American Museum of Natural History 195: 82—122.

Hamiron K.G.A. 2011. Making sense of Fulgoroidea (Hemiptera): new phylogenetic evidence.
Cicadina 12: 57-79.

HanbpLirscH A. 1906-1908. Die fossilen Insekten und die Phylogenie der rezenten Formen. Verlag von
Wilhelm Engelmann, Leipzig, ix+1430+51 plates (1906: 1-672; 1907: 673-1120; 1908: 1121—
1430), 51 taf. (1906: plates 1-36; 1907: plates 37-51).

HanpLirscH A. 1939. Neue Untersuchungen iiber die fossilen Insekten, Teil 2. Annalen des
Naturhistorischen Museums in Wien 49: 1-240.

Harby N.B. 2018. The biodiversity of Sternorrhyncha: scale insects, aphids, psyllids, and whiteflies,
pp. 591-625, In: FoortiT R.G., ADLER P.H. (Eds.), Insect biodiversity. Science and society, 2, Wiley-
Blackwell, Oxford. https://doi.org/10.1002/9781118945582.ch20

Haurt H. 1929. Neueinteilung der Homoptera-Cicadina nach phylogenetisch zu wertenden Merkmalen.
Zoologische Jahrbiicher, Abteilung fiir Systematik, Geographie und Biologie der Tiere 58: 173-286.

Haurr H. 1956. Beitrag zur Kenntnis der eozdnen Arthopodenfauna des Geiseltales. Nova Acta
Leopoldina 18(128): 1-89.

Henry T.J. 2017. Biodiversity of Heteroptera, pp. 279-335, In: Foortit R.G., ApLer P.H. (Eds.),
Insect biodiversity. Science and society, 1 (second edition), Wiley-Blackwell, Oxford. https://doi.
org/10.1002/9781118945568.ch10

Horzinger W.E., KAMMERLANDER I., BourGoin T., Cuan K.L., CampBeLL B.C. 1997. Towards
a phylogeny of the Cixiidae (Fulgoromorpha) and its major subgroups: preliminary results. 2nd
European Hemiptera Congress, 20-24 June 2001, Fiesa, Slovenia: 19.

JonnsoN K.P., DietricH C.H., FriepricH F., BEUTEL R.G., WiPFLER B., PETERS R.S., ALLEN J.M., PETERSEN
M., DonatH A., WaLDEN K.K.O., KozLov A.M., PopsiabLowski L., Mayer C., MEUSEMANN K.,
VasiLikorouLos A., WATERHOUSE R.M., CameroN S.L., WERAaucH C., SwansoN D.R., Percy
D.M., Harpy N.B., Terry 1., Liu S., Zuou X., Misor B., RoBertsoN H.M., Yosnizawa K. 2018.
Phylogenomics and the evolution of hemipteroid insects. Proceedings of the National Academy of
Sciences 115: 12775-12780. https://doi.org/10.1073/pnas. 1815820115

Kappumt H.F. 2005a. Amber of Jordan. The oldest prehistoric insects in fossilized resin. Self-published,
1-168.

Kappumi H.F. 2005b. Amber of Jordan. The oldest prehistoric insects in fossilized resin. 2™ edition,
September 2005. Eternal River Museum of Natural History, Jordan, 1-224.

Kappumt H.F. 2007. Amber of Jordan. The oldest prehistoric insects in fossilized resin. Third edition.
Eternal River Museum of Natural History, Amman, 1-298.

KirBy W. 1818. A description of several new species of insects collected in New Holland by Robert
Brown, Esq., F. R. S., Lib. Linn. Soc. Transactions of the Linnean Society of London, Zoology 12:
454-482.

LarreitLe P.A. 1804. Histoire naturelle, générale et particuliere des Crustacés et des Insectes. 12.
F. Dufart, Paris, 424 pp.

LartreiLE P.A. 1807. Sectio secunda. Familia quarta. Cicadariae. Cicadaires. In Genera crustaceorum
et insectorum: secundum ordinem natrualem in familias disposita, iconibus exemplisque plurimis
explicata. 3. Amand Koenig, Paris, 258 pp.

Leacn W.E. 1815. Entomology. The Edinburgh Encyclopedia; conducted by David Brewster, 9, 57—-172.

L1 Hu, LeavencooDp Jr J.M., CHAPMAN E.G., BURKHARDT D., SoNG FaN, JianG PE1, Liu JINPENG, ZHOU
Xucuo, Cat Wanznr. 2017. Mitochondrial phylogenomics of Hemiptera reveals adaptive innovations
driving the diversification of true bugs. Proceedings of the Royal Society B, 284: 20171223: 1-10.
http://dx.doi.org/10.1098/rspb.2017.1223

LianG AI-PING. 1999. Do the Achilixiidae belog to Cixiidae? — evidence from antennal sensilla
(Hemiptera: Fulgoromorpha), [unpaginated]. 4Abstracts of talks and posters of 10" International
Auchenorrhyncha Meeting, Cardiff, Wales, 6-10 Sept. 1999.

109



LiaNG AI-PING. 2001. Morphology of antennal sensilla in Achilixius sandakanensis Mur (Hemiptera:
Fulgoromorpha: Achilixiidae) with comments on the phylogenetic position of the Achilixiidae.
Raffles Bulletin of Zoology 49(2): 221-225.

Lin Qi-BiN. 1986. Early Mesozoic fossil insects from South China. Palaeontologia Sinica, Series
B, 170: 1-112.

LN QI-BIN, SzwEeDo0 J., HUANG DI-YING, STROINSKIA. 2010. Weiwoboidae fam. nov. of ‘higher’ Fulgoroidea
(Hemiptera: Fulgoromorpha) from the Eocene deposits of Yunnan, China. Acta Geologica Sinica
(English Edition) 84(4): 751-755.

Linnateus C. 1758. Systema naturae per regna tria naturae, secundum classes, ordines, genera, species,
cum characteribus, differentiis, synonymis, locis. Tomus I. Editio decima, reformata. Holmiee:
Laurentii Salvii, [4] + 824 pp.

Lmwaeus C. 1767. 11. Hemiptera. 687-744, In: Linng C. 1767. Systema Naturae. Editio duodecima,
reformata, vol. 1. p. 2. Laurentii Salvii, Holmiz, pp. 533—1327+[37 pp].

ManNER M. 1993. Systema Cryptoceratorum Phylogeneticum (Insecta, Heteroptera). Zoologica (Bd.
48, Lief. 1) 143: 1-302.

MarTYNOV A.V. 1935. Permian fossil Insects from the Arkhangelsk district. Part 5. Homoptera. Trudy
Paleontologicheskogo Instituta, Akademiya Nauk SSSR 4: 1-35.

MELICHAR L. 1898. Monographie der Ricaniiden (Homoptera). Annalen des Kaiserlich-Kéniglichen
Naturhistorischen Hofimuseums Wien 13: 197-359.

MELIcHAR L. 1906. Monographie der Issiden. (Homoptera). Abhandlungen der Kaiserlich-Koniglichen.
Zoologisch-botanischen Gesellschaft in Wien 3: 1-327

METCALF Z.P. 1920. A suggestion for a better popular name for the Fulgoridae (Hemip.). Entomological
News 31: 57-58.

METcALF Z.P. 1938. The Fulgorina of Barro Colorado and other parts of Panama. Bulletin of the Museum
of Comparative Zoology at Harvard College 82(5): 277-423.

METCALF Z.P. 1948. General Catalogue of the Hemiptera. Fascicle IV, Fulgoroidea, Part 10 Achilidae.
Smith College, Northampton, Massachusetts, 1-85.

MozafrrariaN F., BourcolN T., WiLsoNn M.R. 2018. Nomenclatural changes in the higher classification
of the family Tettigometridae (Hemiptera: Fulgoroidea) with description of a new tribe and new
species and a review of the Iranian tettigometrid fauna. Zootaxa 4392(3): 469—490. http://dx.doi.
org/10.11646/zootaxa.4392.3.3

Muir F. 1923a. Achilixius, a new genus, constituting a new family of the Fulgoroidea (Homoptera).
Philippine Journal of Science 22(5): 483—487.

Muir F. 1923b. On the classification of the Fulgoroidea (Homoptera). Proceedings of the Hawaiian
Entomological Society 5: 205-247.

Mulr F. 1924. A new genus of the family Achilixiidae (Homoptera). Canadian Entomologist 56: 33-34.

Mur F. 1925. On the genera of Cixiidae, Meenoplidae and Kinnaridae. Pan-Pacific Entomologist
1: 156-163.

O’Brieny L.B. 2002. The wild wonderful world of Fulgoromorpha. In: HoLzinger W. (Ed) Zikaden
— leathoppers, planthoppers and cicadas (Insecta: Hemiptera: Auchenorrhyncha). Denisia 04,
zugleich Kataloge des OO. Landesmuseums, Linz, Neue Folge 176: 83—102.

PetruLEvVICIUs J.F. 2005. A plant hopper (Nogodinidae) from the upper Palacocene of Argentina:
systematics and taphonomy. Palaeontology 48(2): 299-308. https://doi.org/10.1111/j.1475-
4983.2005.00443.x

REN Dong, YN Jical, Dou WeNxtu. 1998. New planthoppers and froghoppers from the Late Jurassic of
northeast China (Homoptera: Auchenorrhyncha). Acta Zootaxonomica Sinica 23: 281-288.

Scupper S.H. 1877. The first discovered traces of fossil insects in the American Tertiaries. Bulletin of
the United States Geological and Geographical Survey of the Territories 3: 741-762.

Scupper S.H. 1878. The fossil insects of the Green River shales. Bulletin of the United States Geological
and Geographical Survey of the Territories 4(4): 747-776.

Scupper S.H. 1890. The Tertiary insects of North America. Report of the United States Geological
Survey of the Territories 13: 1-734.

SucHERBAKOV D.E. 1986. Ravnokrylye tsikadovye. Cicadina (=Auchenorrhyncha). Nasekomye
v rannemelovykh ekosistemakh zapadnoi Mongolii. Sovmestnaya Sovetsko-Mongol skaya
Palaeontologicheskaya Expeditsiya. Trudy [Homoptera. Cicadina (=Auchenorrhyncha). Insects in
early Cretaceous ecosystems of Western Mongolia. The Joint Soviet-Mongolian Palacontological
Expedition] 28: 47-50 [in Russian].

110



SucHeErBAKOV D.E. 1996. Origin and evolution of Auchenorrhyncha as shown by the fossil record,
pp. 3145, In: ScHaerer C.W. (Ed.), Studies on Hemiptera phylogeny. Proceedings, Thomas Say
Publications in Entomology, Lanham (Maryland), Entomological Society of Amererica, iii + 244
pp.

SuchHerBakov D.E. 2006. The earliest find of Tropiduchidae (Homoptera: Auchenorrhyncha),
representing a new tribe, from the Eocene of Green River, USA, with notes on the fossil record of
higher Fulgoroidea. Russian Entomological Journal 15(3): 315-322.

SucHeErBAKOV D.E. 2007a. An extraordinary new family of Cretaceous planthoppers Homoptera:
Fulgoroidea). Russian Entomological Journal 16(2): 138—154

SucHeErBAKOV D.E. 2007b. Mesozoic spider mimics — Cretaceous Mimarachnidae fam. n. (Homoptera:
Fulgoroidea). Russian Entomological Journal 16(3): 259-264.

SHEN YaN-Bin, GaLLeco O.F., BuchHEM P., Biagar R. 2006. Eocene conchostracans from the Laney
Member of the Green River Formation, Wyoming, USA. Journal of Paleontology 80(3): 447-454.

SkinNER R.K., DietricH C.H., WALDEN K.O., OrpoN E.G., SWeer A.W., PobsiapLowskr L., PETERSEN
M., Smon C., Takiva D.M., Jounson K.P. 2019. Phylogenomics of Auchenorrhyncha (Insecta:
Hemiptera) using transcriptomes: examining controversial relationships via degeneracy coding and
interrogation of gene conflict. Systematic Entomology. https://doi.org/10.1111/syen.12381

SoNG Nan, LianG Al-PiNG. 2013. A preliminary molecular phylogeny of planthoppers (Hemiptera:
Fulgoroidea) based on nuclear and mitochondrial DNA sequences. PLoS ONE 8(3), 58400 : 1-11.
https://doi.org.10.1371/journal.pone.0058400

SoNG NaN, ZHANG Hao, Zuao Te. 2019. Insights into the phylogeny of Hemiptera from increased
mitogenomic taxon sampling. Molecular Phylogenetics and Evolution 137: 236-249. https://doi.
org/10.1016/j.ympev.2019.05.009

SoNG Zu1-SHUN, BartLETT C.R., O’BrieN L.B., LianG Ai-Ping, Bourcon T. 2018. Morphological
phylogeny of Dictyopharidae (Hemiptera: Fulgoromorpha). Systematic Entomology 43(4): 637—
658.

SorenseN J.T., CampBerL B.C., Giir, R.J., SteFFEN-CampBELL J.D. 1995. Non-monophyly of
Auchenorrhyncha (“Homoptera”), based upon 18S rDNA phylogeny: eco—evolutionary and cladistic
implications within pre—Heteropterodea Hemiptera (s.1.) and a proposal for new monophyletic sub—
orders. Pan-Pacific Entomologist 71: 31-60.

SouLier-PERKINS A. 2001. The phylogeny of the Lophopidae and the impact of sexual selection and
coevolutionary sexual conflict. Cladistics 17(1): 56-78. https://doi.org/10.1006/clad.2000.0152
SpinoLa M. 1839. Essai sur les Fulgorelles, sous-tribu de la tribu des Cicadaires, ordre des Rhyngotes.

Annales de la Société Entomologique de France 8: 133-337.

StAL C. 1856. Om Derbides med tre oceller. Ofversigt af Kongliga Svenska Vetenskaps-Akademiens
Férhandlingar 13: 161-164.

StAL C. 1862. Bidrag till Rio de Janeiro-tratkens Hemipterfauna. II. Handlingar. Kongliga Svenska
Vetenskaps Akademien 3(6): 1-75.

StAL C. 1866. Hemiptera Homoptera Latr. Hemiptera Africana 4: 1-276.

STROINSKI A., SzZwWEDO J. 2012a(2011). Abraracourcix curvivenatus n. gen. n. sp. from the Lowermost
Eocene Oise amber (Hemiptera: Fulgoromorpha: Ricaniidae). Annales de la Société Entomologique
de France 47(3-4): 480-486.

Stromiskl  A., Szwepo J. 2012b. The oldest known Lophopidae planthopper (Hemiptera:
Fulgoromorpha) from the European Palacocene. Geobios 45(4): 413—420. https://doi.org/10.1016/].
geobios.2011.10.007

StroINsKI A., GNEzpiLov V.M., BourcoiNn T. 2011. Sub-brachypterous Ricaniidae (Hemiptera:
Fulgoromorpha) of Madagascar with morphological notes for these taxa. Zootaxa 3145: 1-70.
http://dx.doi.org/10.11646/zootaxa.3145.1.1

Szwepo J. 2005. Notes on Otiocerini with a second record of Derbidae in Eocene Baltic amber
(Hemiptera: Fulgoromorpha: Derbidae). Insect Systematics & Evolution 36(2): 161-172. https://
doi.org/10.1163/187631205788838483

Szwepo J. 2006. First fossil record of Cedusini in the Eocene Baltic amber with notes on the tribe
(Hemiptera: Fulgoromorpha: Derbidae). Russian Entomological Journal 15(3): 327-333.

Szwepo J. 2007a. Nymphs of a new family Neazoniidae fam. n. (Hemiptera: Fulgoromorpha:
Fulgoroidea) from the Lower Cretaceous Lebanese amber. African Invertebrates 48(1): 127-143.

111



Szwepo J. 2007b. Fulgoromorpha: planthoppers, pp. 297-313, In: MarTILL D.M., BECHLY G., LOVERIDGE,
R.F. (Eds.), The Crato Fossil Beds of Brazil: Window into an Ancient World. Cambridge University
Press, Cambridge, UK.

Szwepo J. 2008. Achilidae (Hemiptera: Fulgoroidea) from the Eocene Baltic amber. Bulletin of
Insectology 61(1): 109-110.

Szwepo J. 2009. First discovery of Neazoniidae (Hemiptera: Fulgoromorpha) in the Early Cretaceous
Archingeay amber of South-West France. Geodiversitas 31(1): 105-116. https://doi.org/10.5252/
22009n1a9

Szwepo J. 2018. The unity, diversity and conformity of bugs (Hemiptera) through time. Earth and
Environmental Science Transactions of the Royal Society of Edinburgh 107: 109—128. https://doi.
org/10.1017/S175569101700038X

Szwepo J., AnsorGe J. 2015. The first Mimarachnidae (Hemiptera: Fulgoromorpha) from Lower
Cretaceous lithographic limestones of the Sierra del Montsec in Spain. Cretaceous Research 52:
390—401. https://doi.org/10.1016/j.cretres.2014.03.001

Szwepo J., StroiNsk1 A. 2001. Ptychogroehnia reducta gen. and sp. n. of the fossil tribe Ptychoptilini
from the Eocene Baltic amber (Hemiptera: Fulgoroidea: Achilidae). Annales Zoologici 51(1): 95—
101.

Szwepo J., Stroimskl A. 2017. Who’s that girl? The singular Tropiduchidae planthopper from the
Eocene Baltic amber (Hemiptera: Fulgoromorpha). Palaeontologia Electronica 20.3.60A: 1-20.
https://doi.org/10.26879/784

Szwepo J., Azar D., Nonra J. 2013. First record of Perforissidae from the Lower Cretaceous
Lebanese amber (Hemiptera: Fulgoromorpha: Fulgoroidea), pp. 145-163, In: Azar D., ENGEL
M.S., JarzemBowskl E., KRoGMANN L., NEL A., SANTIAGO-BLAY J. (Eds.), Insect Evolution in an
Amberiferous and Stone Alphabet. Proceedings of the 6" International Congress on Fossil Insects,
Arthropods and Amber, Brill Publishers, Leiden (Netherlands).

Szwepo, J., BourGo, T., LerEBVRE F. 2004. Fossil Planthoppers (Hemiptera Fulgoromorpha) of
the world. An annotated catalogue with notes on Hemiptera classification. Studio 1, Warszawa,
199+[8] pp.

Szwepo J., Stromski A., Lin Qi-BiN. 2012. Discovery of a Flatidae planthopper (Hemiptera:
Fulgoromorpha) in the Paleocene of northern Tibet and its taxonomic and biogeographic
significance. Geodiversitas 35(4): 767-776. https://doi.org/10.5252/g2013n4a2

Szwepo J., STroNskI A., LIN Qi-BiN. 2015. Tip of the clade on the top of the World—the first fossil
Lophopidae (Hemiptera: Fulgoromorpha) from the Palacocene of Tibet. The Science of Nature
102(5-6), 28: 1-5+1-11. https://doi.org/10.1007/s00114-015-1277-4

Szwepo J., WANG Bo, ZHANG Hal-cHUN. 2011. An extraordinary Early Jurassic planthopper from Hunan
(China) representing a new family Qiyangiricaniidae fam. nov. (Hemiptera: Fulgoromorpha:
Fulgoroidea). Acta Geologica Sinica (English Edition) 85(4): 739-748.

UrBanNJ.M., CryanJ.R.2007. Evolution ofthe planthoppers (Insecta: Hemiptera: Fulgoroidea). Molecular
Phylogenetics and Evolution 42(2): 556-572. https://doi.org/10.1016/j.ympev.2006.08.009

UrsaN J.M., CryaN J.R. 2009. Entomologically famous, evolutionarily unexplored: The first phylogeny
of the lanternfly family Fulgoridae (Insecta: Hemiptera: Fulgoroidea). Molecular Phylogenetics
and Evolution 50: 471-484. https://doi.org/10.1016/j.ympev.2008.12.004

WAaNG MENG-LIN, ZHANG Y A-LiN, Bourcomn T. 2016. Planthopper family Issidae (Insecta: Hemiptera:
Fulgoromorpha): linking molecular phylogeny with classification. Molecular Phylogenetics and
Evolution 105: 224-234. https://doi.org/10.1016/j.ympev.2016.08.012

WanG RonG-RonG, Lt XiN-Yu, Szwepo J., STROISKI A., LiaNG A1-PiNG, BourGo T. 2017. Testing
Tropiduchini StAL 1866 (Hemiptera: Tropiduchidae) monophyly, a young inter-tropical taxon of
mainly insular species: taxonomy, distribution patterns and phylogeny, with the description of a new
genus from Papua New Guinea. Systematic Entomology 42(2): 359-378. https://doi.org/10.1111/
syen.12219

WaNG YuaNn, CHEN JING, JianG Li-Yun, Qiao Ge-Xia. 2015. Hemipteran mitochondrial genomes:
features, structures and implications for phylogeny. International Journal of Molecular Sciences
16: 12382-12404. https://doi.org/10.3390/ijms160612382

112



WESSEL A., MUHLETHALER R., HARTUNG V., KusTOorR V., GogaLa M. 2014. Chapter 20. The tymbal:
evolution of a complex vibration-producing organ in the Tymbalia (Hemiptera excl. Sternorrhyncha),
pp. 395444, In: Cocrort R.B., GocarLa M., HiLL P.S.M., WEsseL A. (Eds.). Studying Vibrational
Communication. Animal Signals and Communication 3, Springer-Verlag Berlin Heidelberg. https://
doi.org/10.1007/978-3-662-43607-3_20

WiLsoN M.R. 1989. The planthopper family Achilixiidae (Homoptera, Fulgoroidea): a synopsis with
a revision of the genus Achilixius. Systematic Entomology 14(4): 487-506. https://doi.
org/10.1111/j.1365-3113.1989.tb00299.x

YanG CHUNG-Tu, CHANG Tsul-YING. 2000. The external male genitalia of Hemiptera (Homoptera
— Heteroptera). Shih Way Publishers, Taichung, Taiwan, [3]+746 pp.

YeH WEN-BIN, YANG ChHunG-Tu, Hur Cuo-Far. 2005. A molecular phylogeny of planthoppers
(Hemiptera: Fulgoroidea) inferred from mitochondrial 16S rDNA sequences. Zoological Studies

44(4): 519-535.

ZHANG Xi1a0, REN DoNG, Yao YuUN-ZHL. 2019. A new family Jubisentidae fam. nov. (Hemiptera:
Fulgoromorpha: Fulgoroidea) from the mid-Cretaceous Burmese amber. Cretaceous Research 94:
1-7. https://doi.org/10.1016/j.cretres.2018.10.012

Zrzavy J. 1990. Evolution of Hemiptera: an attempt at synthetic approach, pp. 19-22, In: KoTeia
J. (Ed.), Proceedings of the 6™ International Symposium of scale insect studies, Cracow, August
6-12, 1990. Parts 1-2. Agriculture University Press, Krakow.

Zrzavy J. 1992. Evolution of antennae and historical ecology of hemipteran insects (Paraneoptera).
Acta entomologica bohemoslovaka 89(2): 77-86.

Table 1. Oldest known fossil records of Fulgoroidea families.

. . Period/Series/ | Sc0logical .
Family Species formation; Locality
Stage
age
Achilidae StAL, Acixiites immodesta Cretaceous: Crato Ceara, Brazil
1866 Hawmicton, 1990 Aptian [ Formation; ca.
114 Ma
Caliscelidae Quizqueiplana Miocene: La Toca La Bticara
AMYOT et AUDINET- | alexbrowni BOURGOIN Burdigalian Formation; ca. | mine;
SERVILLE, 1843 et GNEzpILoV, 2015 in 16 Ma Cordillera
Bourcon et al. 2015 Septentrional,
Dominican
Republic
Cixiidae SpINOLA, ‘Cixius’petrinus Cretaceous: Lamb’s United
1839 FENNAH, 1961 12 Barremian Brickworks, Kingdom
Upper Member
(Weald Clay
Formation); ca.
126 Ma
Karebodopoides Cretaceous: Lebanese Jezzine,
aptianus (FENNAH, 1987) | late Barremian | amber; ca. 126 | Lebanon
Ma
Delphacidae Serafinana perperunae | Eocene: Baltic amber; | Gulf of
LEAcH, 1815 GEBICKI et SZWEDO, 2000 | Lutetian ca. 44 Ma Gdansk,
Poland
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Period/Series/

Geological

Family Species Stage formation; Locality
age
Derbidae SpiNoLa, | Positrona shcherbakovi | Eocene: Baltic amber; Gulf of
1839 EMELIANOV, 1994 Lutetian ca. 44 Ma Gdansk,
Lugeilangor Poland; Baltic
elektrokleistis SZwEDO, Sea coast,
2005 Denmark
Emeljanovedusa
gentarna SzweDpo, 2006
Dictyopharidae Netutela annunciator Cretaceous: Kheta Yantardakh
SpiNoLA, 1839 EMELIANOV, 1983 late Santonian | Formation, Hill, Russia
Taimyr amber;
ca. 85 Ma
Dorytocidaef Dorytocus Cretaceous: Burmese Kachin State,
EMELIANOV et ornithorhynchus Cenomanian amber; ca. 98.8 | Myanmar
SHCHERBAKOV, EMELIANOV et Ma
2018 SHCHERBAKOV, 2018
Flatidae SpiNoLA, Priscoflata subvexa Palaeocene: Niubao Gangni
1839 SZWEDO, STROINSKI et Thanetian Formation, Village, Anduo
LN, 2012 Dazhuoma County, Tibet,
section; ca. 58 | China
Ma
Fulgoridae Aphaena atava SCUDDER, | Eocene: Green River Colorado,
LATREILLE, 1807 1877 Ypresian Formation; ca. | Wyoming,
Fulgora granulosa 50 Ma US.A.
ScupDER, 1878
Fulgora populata
ScupDER, 1890
Lystra leei SCUDDER,
1878
Lystra richardsoni
ScupDER, 1878
Fulgoridiidaet Fulgoridiella raetica Jurassic: Dzhil Sogyuty,
HaNbDLIRSCH, 1939 | BECKER-MIGDISOVA, 1962 | Sinemurian Formation; ca. | Issyk-Kul,
199 Ma Kyrghyzstan
Issidae SpinoLa, Issites glaber HAuPT, Eocene: Geiseltal Sachsen-
1839 1956 Lutetian Lagerstitte; ca. | Anhalt,
47 Ma Germany
Jubisentidaet Jubisentis hui ZHANG, Cretaceous: Burmese Kachin State,
ZHANG, REN et REN & Yo, 2019 Cenomanian amber; ca. 98.8 | Myanmar
Yao, 2019 Furtivirete zhuoi ZHANG, Ma

ReN & Yao, 2019
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Period/Series/

Geological

Family Species Stage formation; Locality
age
Kinnaridae MUIRr, Oeclidius salaco Miocene: La Toca Cordillera
1925 EMELIANOV et Burdigalian Formation; ca. | Septentrional,
SHCHERBAKOV, 2000 16 Ma Dominican
Oeclidius browni Republic
BOURGOIN et LEFEBVRE,
2002
Quilessa stolida
EMELIANOV et
SHCHERBAKOV, 2000
Lalacidaet Lapicixius decorus ReN, | Cretaceous, Yixian Chaomidian
Hawmirron, 1990 1998 Barremian/ Formation; ca. | Village,
Aptian 130 Ma Liaoning,
China
Lophopidae StAL, | Gesaris gnapo Szwepo, | Palacocene: Niubao Gangni
1866 StrOINSKI et LiN, 2015 Thanetian Formation, Village, Anduo
Dazhuoma County, Tibet,
section; ca. 58 | China
Ma
Mimarachnidaef Mimamontsecia Cretaceous, La Pedrera Sierra del
SHCHERBAKOV, cretacea SZWEDO et early de Rubies Montsec, Spain
2007 ANSORGE, 2015 Barremian Formation,
Chalicoridulum La Cabrua
montsecensis SZWEDO et outcrop; ca.
ANSORGE, 2015 130 Ma
Neazoniidae Neazonia tripleta Cretaceous, Lebanese Mdeyrij-
Szwepo, 2007 Szwepo, 2007 late Barremian | amber; ca. 126 | Hammana,
Neazonia immatura Ma Casa Baabda,
Szwepo, 2007 Lebanon
Neazonia imprinta Cretaceous, Lebanese Jezzine,
Szwepo, 2007 late Barremian | amber, ca. 126 | Lebanon
Ma
Nogodinidae Celinapterix bellissima | Palacocene: Maiz Gordo La Cuesta
MELICHAR, 1898 PETRULEVICIUS, 2005 Thanetian Formation; ca. | Azul,
58.5 Ma Argentina
Perforissidaet Aafrita biladalshama Cretaceous, Lebanese Hammana/
SHCHERBAKOV, SzwEDO et AzARr, 2013 late Barremian | amber; ca. 126 | Mdeirij,
2007 Ma Baabda; El-

Dabsheh, Sir
El-Danniyeh;
Rihan,
Lebanon
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. . Period/Series/ Geolog.l cal .
Family Species formation; Locality
Stage
age
Qiyangiricaniidaet | Qiyangiricania cesta Jurassic: Fengjiachong | Guan-50,
Szwepo, WANG & | LiN, 1986 Toarcian, ca. Member Guanyintan,
ZHANG, 2011 (Guanyintan Qiyang
Formation); ca. | County,
182 Ma Hunan, China
Ricaniidae Amyot | Abraracourcix Eocene: Oise amber; Oise, Paris
et AUDINET- curvivenatus STROINSKI | Ypresian ca. 53 Ma Basin, France
SERVILLE, 1843 et Szwepo, 2012
Tropiduchidae Emiliana alexandri Eocene: Parachute Anvil Points,
STAL, 1866 SHCHERBAKOV, 2006 Ypresian Creek Member, | Colorado,
Green River US.A.
Formation; ca.
48.6 Ma
Weiwoboidaet LiN, | Weiwoboa meridiana Eocene: “Mengyejing Shangyong
Szwepo, Huang et | LiN, Szwepo, HUANG et Ypresian Formation” village,
StroNskI, 2010 Stromski, 2010 near Yunnan, China
Shangyong
Village P); ca.
50 Ma
Yetkhatidaet Yetkhata jiangershii Cretaceous: Burmese Kachin State,
SoNG, SZWEDO et SoNG, SZWEDO et Cenomanian amber; ca. 98.8 | Myanmar
Bourgoin, 2019 Bouracoin, 2019 Ma
Parwaina liuyei SONG,
SzwEDO et BOURGOIN,
2019

U1 A specimen named ‘Nabulsitypus wafaai’ by Kaddumi in 2005 could be older representative of
the family, if Jordanian deposit of amber is contemporarenous with deposits of amber in Lebanon.
Based on available data, the name is not available in terms of International Code of Zoological
Nomenclature. The generic and specific name as new was introduced several times in self-published
and not officially available books, twice in 2005 (Kapbumi 2005a, b) and in 2007 (Kabpumi 2007),
with modified content and pagination. The description is provided on the basis of single specimen
from private collection, not clearly designated as type, not deposited in recognised scientific
institution, not availabale for study. This specimen, erroneously written as Nablusitypus wafaai,
unfortunately, as valid name is introduced to databases, viz. fossilworks.org and PaleoBioDB.

[2IPlacementofthis fossilinthe genus Cixiusisonly tentative. Its familial placement should be confirmed.
131 The original label noted that the specimen came from Mengyejing Formation, associated with fossil
conchostracans, ostracods, spores, and pollens. Fossil insects are frequent in the yellowish mudstone
and represented by mostly isolated fragments such as beetle elytra. However, Mengyejing Formation
is an early Late Cretaceous stratum. However, the “Mengyejing Formation” near Shangyong Village
may belong to an undefined stratum. An early Eocene age (Ypresian) is more convincing on the basis
of the study of the conchostracan Paraleptestheria menglaensis (CHEN & SHEN 1980, SHEN et al. 2006)
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Fig. 1. Original classification of Fulgoroidea according to SpoLa (1839).
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Fig. 2. Original classification of Fulgoroidea according to SpiNvora (1839), continued.
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— Fulgorides

Lystroides
= Fulgorites =

Dictyophoroides

= Fulgorelles = Cixioides

— |ssoides

- Derboides

— |ssites =

Flatoides

Fig. 3. Cladogram based on Fulgoroidea classification according to Spinora (1839).
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Flatidae 15.

Ricaniidae 4.
Lophopidae 13.

Issidae 72.

Acanaloniidae Il.

Achilidae 10.

vs0b]1403044

Eurybrachidae 9.

Fulgoridae 8.
Dictyopharidae 7,

Meenoplﬁnae
Cixiidae
Cixiinae 2.
Delphacidae 3.
Tropiduchidae ¥.
Derbidae 5.

Achilixiidae 6.

Teftigometridae |.

Fig. 4. Original scheme (tree) of relationships within Fulgoroidea according to Muir (1923b).
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Flatidae

Ricaniidae

Lophopidae

Issidae

Acanaloniidae

Achilidae

Eurybrachidae

= Fulgoridae

— Dictyopharidae

Meenoplinae
Cixiidae
— Cixiinae

Delphacidae

Tropiduchidae

Derbidae

Achilixiidae

Tettigometridae

Fig. 5. Cladogram of relationships within Fulgoroidea according to Muir (1923b).
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— Eurybrachidae

— | ophopidae

Tropiduchidae

Flatidae

Ricaniidae

Nogodinidae

Issidae

Fulgoridae

Dictyopharidae

Achilidae

Derbidae

Meenoplidae

Kinnaridae

Cixiidae

Delphacidae

Tettigometridae

Fig. 6. Fulgoroidea families relationships tree according to EMELIANOV (1990).
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Eurybrachidae+
Gengidae

Lophopidae

- Ricaniidae

Flatidae+
Hypochthonellidae

Tettigometridae

Tropiduchidae

Nogodinidae

Issidae+
Acanaloniidae

Fulgoridae

Dictypharidae

Achilidae+
Achilixiidae

Derbidae

Delphacidae

Cixiidae

Meenoplidae

Kinnaridae

Fig. 7. Fulgoroidea families relationships tree according to BourGoiN et al. (1997).
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— Achilixiidae

— Achilidae

— Derbidae

— Cixiidae

Delphacidae

== Meenoplidae

— Kinnaridae

— Dictyopharidae

— Fulgoridae

— Acanaloniidae

— |ssidae

— Nogodinidae

— Flatidae

Tropiduchidae

Ricaniidae

Lophopidae

Eurybrachidae

Gengidae

Hypochthonellidae

Caliscelidae

Augilini
(Caliscelidae)

Tettigometridae

Fig. 8. Fulgoroidea families relationships tree according to YanG & CHANG (2000).
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other Fulgoroidea

— Fulgoridae

- Dictyopharidae

— Derbidae

Achilixiidae

Achilidae

Lalacidaet

Meenoplidae+
Kinnaridae

Cixiidae s./

Fulgoridiidaet

Delphacidae

"Higher” Fulgoroidea

Dictyopharidae

Fulgoridae

Mimarachnidaet

— Delphacidae

e Ciixiidae

Perforissidaet

Neazoniidaet

Kinnaridae+
Meenoplidae

Derbidae

Achilixiidae

Achilidae

Lalacidaet

”Fulgoridiidae”

Figs. 9-10. 9. Fulgoroidea families relationships tree according to BourGoiN & CampBELL (2002) (at the
top); 10. ‘Basal’ Fulgoroidea relationships according to Szwepo (2009) (below).
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— Caliscelidae

- Ricaniidae

Tropiduchidae

Acanaloniidae

Tettigometridae

Nogodinidae

Issidae

Eurybrachidae

Lophopidae

Flatidae

Dictyopharidae

Fulgoridae

Achilidae

Achilixiidae

Derbidae

Kinnaridae+
Meenoplidae

Cixiidae

Delphacidae

Fig. 11. Molecular tree of Fulgoroidea families relationships according to UrRBAN & CRryan (2007).
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— Caliscelidae

— Ricaniidae

Tropiduchidae

== Nogodinidae s.s

— Acanaloniidae
Nogodinidae:

Bladinini

— Tettigometridae

Australian
Nogodinidae

— |ssidae: Issini

Flatidae

Eurybrachidae
Lophopidae

Dictyopharidae

Fulgoridae
Derbidae
Achilixiidae
Achilidae

Meenoplidae
Kinnaridae

Delphacidae

Cixiidae

“Higher”
Fulgoroidea

“Intermediate”
Fulgoroidea

“Basal”
Fulgoroidea

Fig. 12. Relationships tree of Fulgoroidea families, with groups indicated, according to BARTLETT et al.

(2014).
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IT1

L 48ybiy

Fig. 13. Proposed relationship tree of all families of Fulgoroidea, including fossil ones, with various

proposed groups marked.
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80° to 75°
70° to 65°
60° to 55°
50° to 45°

40° to 35°
30° to 25°
20° to 15°

10° to 0°

0° to -5°
-10° to -15°

latitude

20° to -25°
-30° to -35°
-40° to -45°
-50° to -55°
-60° to -65°

=}
»N
»
2}
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Fig. 14. Latitudinal distribution of Achilidae in the world (BourGoiN 2019, modified).
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Stal 1866

Fulgorida
Achili

Haupt 1929

Fulgoroidea
Cixiidae
Achilinae Stal, 1866

Muir 1923, 1930
Achilidae

Metcalf 1938, 1948

Fulgoroidea

Achilinae Stal, 1866
Apatesoninae Metcalf, 1938

Fennah 1950

Fulgoroidea
Achilidae

Emeljanov 1990, 1991, 1993

Fulgoroidea

Achilidae |

Achilini Stal, 1866
Apatesonini Metcalf, 1938
Breddiniolini Fennah, 1950
Elidipterini Fennah, 1950
Myconini Fennah, 1950
Plectoderini Fennah, 1950
Rhotalini Fennah, 1950

Achilinae Stéal, 1866

Achilites Stal, 1866
Achilini Stal, 1866
Achilina Stal, 1866
Cixidiina Emeljanov, 1993
Elidipterina Fennah, 1950
Achillini Emeljanov, 1991
Apatesonites Metcalf, 1938
Apatesonini Metcalf, 1938
llvini Emeljanov, 1991

1Ptychoptilini Emeljanov, 1990

Seviini Emeljanov, 1991
Tropiphlepsiini Emeljanov, 1991
Myconites Fennah, 1950
Amphignomini Emeljanov, 1991
Breddiniolini Fennah, 1950
Mycarini Emeljanov, 1991
Myconini Fennah, 1950
Plectoderini Fennah, 1950
Rhotalini Fennah, 1950
Achilixiinae Muir, 1923
Bebaiotinae Emeljanov, 1991

Liang 2001

Emeljanov & Fletcher 2004

Fulgoroidea Fulgoroidea
Achilidae Achilidae

Szwedo 2006, 2008

Fulgoroidea
Achilidae

Achilinae Stal, 1866
tPtychoptilini Emeljanov, 1990
Achilites Stal, 1866
Achilini Stal, 1866
Achilina Stal, 1866
Cixidiina Emeljanov, 1993
Elidipterina Fennah, 1950
Achillini Emeljanov, 1991
Apatesonites Metcalf, 1938
Apatesonini Metcalf, 1938
llvini Emeljanov, 1991
Seviini Emeljanov, 1991
Tropiphlepsiini Emeljanov, 1991
Myconites Fennah, 1950
Amphignomini Emeljanov, 1991
Breddiniolini Fennah, 1950
Mycarini Emeljanov, 1991
Myconini Fennah, 1950
Plectoderini Fennah, 1950
Rhotalini Fennah, 1950

Achilinae Stal, 1866

Achilites Stal, 1866
Achilini Stal, 1866
Achilina Stal, 1866
Cixidiina Emeljanov, 1993
Elidipterina Fennah, 1950
Achillini Emeljanov, 1991
Apatesonites Metcalf, 1938
Apatesonini Metcalf, 1938
llvini Emeljanov, 1991
Seviini Emeljanov, 1991

Myconites Fennah, 1950

Mycarini Emeljanov, 1991
Myconini Fennah, 1950
Plectoderini Fennah, 1950
Rhotalini Fennah, 1950
Achilixiinae Muir, 1923

Breddiniolini Fennah,

Bebaiotinae Emeljanov, 1991

tPtychoptilini Emeljanov, 1990

Tropiphlepsiini Emeljanov, 1991

Amphignomini Emeljanov, 1991

1950

to Derbidae: Cedusinae

Achilixiidae Muir, 1923 stat. resurr. [

Achilinae Stal, 1866
tPtychoptilini Emeljanov, 1990
Achilites Stal, 1866
Achilini Stal, 1866
Achilina Stal, 1866
Cixidiina Emeljanov, 1993
Elidipterina Fennah, 1950
Achillini Emeljanov, 1991
Apatesonites Metcalf, 1938
Apatesonini Metcalf, 1938
llvini Emeljanov, 1991
Seviini Emeljanov, 1991
Tropiphlepsiini Emeljanov, 1991
Myconites Fennah, 1950
Amphignomini Emeljanov, 1991
Mycarini Emeljanov, 1991
Myconini Fennah, 1950
Plectoderini Fennah, 1950
Rhotalini Fennah, 1950
tWaghildini Szwedo, 2006
Achilixiinae Muir, 1923

Bebaiotinae Emeljanov, 1991

Muir, 192:

1991] ¢ Urban & Cryan 2007

Bartlett et al. 2014, 2018

tPtychoptilini Emeljanov, 1990
Achilinae Stal, 1866
Achilini Stal, 1866
Achilina Stal, 1866
Cixidiina Emeljanov, 1993
Elidipterina Fennah, 1950
Achillini Emeljanov, 1991
Apatesoninae Metcalf, 1938
Apatesonini Metcalf, 1938
llvini Emeljanov, 1991
Seviini Emeljanov, 1991
Tropiphlepsiini Emeljanov, 1991
Myconinae Fennah, 1950
Amphignomini Emeljanov, 1991
Mycarini Emeljanov, 1991
Myconini Fennah, 1950
Plectoderini Fennah, 1950
Rhotalini Fennah, 1950
TWaghildini Szwedo, 2009

Fig. 15. Cable car scheme of classification history of the Achilidae, according to the system proposal
of BourGoIN et al. (2019).

130


https://www.researchgate.net/publication/338580460

