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Abstract

A new genus and species of the tropiduchid planthopper of the tribe Tropiduchini is described as Bitara augusta gen. et
sp. nov. from Madang Province, Papua New Guinea. It is the 18" species of Tropiduchini and the 9" genus known east of
the Wallace line. It is another taxon with characteristic asymmetric genitalia within this tribe.
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Introduction

Planthoppers of the family Tropiduchidae Stal, 1866 (Hemiptera, Fulgoromorpha, Fulgoroidea) has attracted more
attention recently both because of the description of new extant representatives, the revision of several tribes,
the discovery of several key fossil taxa (Bourgoin 2021), and also because the family taxonomic concept has
been substantially modified. The subfamily Tropiduchinae Stél, 1866 comprises the majority of tribes, of which
Tropiduchini Stél, 1866 comprises 26 genera and 121 species known so far (Bourgoin 2021). Wang et al. (2017)
investigated the systematics and zoogeography of the tribe and reported it as a monophyletic group (Wang et al.
2017). Representatives of the tribe Tropiduchini reported from New Guinea, East of Wallace line, comprises 17
species distributed in 8 genera before this report.

Material and methods

The nomenclature of the fore wing (tegmen) follows the interpretation proposed by Bourgoin et al. (2015) and
Stroinski (2020). Antennal structures are named following Stroinski et al. (2011). The terminology of the genitalia
follows Bourgoin (1988) and Bourgoin & Huang (1990) for the male and Bourgoin (1993) for the female.

To reveal genitalic structures the whole abdomen of the specimen examined was cut off and cleared for 30 min
in a warm (50°C) 10% potassium hydroxide (KOH) solution with a few drops of black chlorazol (CAS No. 1937-
37-7) for staining the ectodermic genital structures, based on the method introduced by Carayon (1969). Dissections
and cleaning of the genital structures were carried out in distilled water. Final observations were made in glycerol
using an Olympus SZH10 and SZX10 stereomicroscopes. The photographs of the habitus and internal structures
were taken using a stereomicroscope Leica MZ 16 with IC3D camera. Final images were adjusted using Helicon
5.0 software and Adobe Photoshop (version 7.0). The SEM photographs of uncoated specimens were taken in the
Laboratory of Scanning Microscopy, MIZ PAS (Warsaw), using a scanning electron microscope HITACHI S-3400N
under low vacuum conditions.

Measurements and abbreviations. Measurements were taken with an ocular micrometer. The following
measurements, ratios and their abbreviations were used in this study:
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Total length—measured (in dorsal view) from head apex to tegmina apex;

A/B—width of vertex measured at anterior margin / length of vertex measured at midline;

C/E—width of frons at upper margin / length of frons at midline;

D/E—maximum width of frons / length of frons at midline;

F/B—Ilength of pronotum at midline / length of the vertex at midline;

G/F—Ilength of mesonotum / length of pronotum at midline;

G/B+F—Ilength of mesonotum / cumulative length of vertex and pronotum at midline;

G/H—Ilength of mesonotum at midline / width of mesonotum between lateral angles;

I/J—length of tegmen measured from the base to the apical margin in median portion / width of tegmen measured
at the widest part.

The material studied is deposited in the following collections: MNHU—Museum fiir Naturkunde, Humboldt
Universitét, Berlin; MIZ—Museum and Institute of Zoology, Polish Academy of Sciences, Warsaw.

Systematics

Family Tropiduchidae Stal, 1866

Subfamily Tropiduchinae Stal, 1866

Tribe Tropiduchini Stil, 1866

Bitara gen. nov.

Type species. Bitara augusta sp. nov.; by present designation and monotypy.

Diagnosis. Similar to Oechalinella Wang, 2017 in Wang et al. 2017, in general appearance. Differ in shape of the
head, at lateral margin as long as wide, with anterior margin arcuate (nearly three times as long as wide, with anterior
margin acutely angulate in Oechalinella); pronotum with median carina not reaching anterior margin (median carina
reaching anterior margin in Oechalinella); male pygofer, medially fused gonostyli and aedeagus asymmetrical,
male pygofer with posterodorsal elongate process on right side, left side without process (in Oechalinella male
pygofer with posterior margin sinuate, with short lobate semicircular expansion on posterodorsal margin in right
side, lobate subquadrate expansion in posterodorsal margin in left side); dorsal margin not excavate at level of anal
tube base (dorsal margin distinctly excavate to accommodate base of anal tube in Oechalinella); acdeagal complex
straight caudad (aedeagal complex curved in Oechalinella); endosome bulbous, spiniferous, with three distinct long
spines (endosome small and smooth in Oechalinella); genital styles tips of dorsal projections teeth-like, directed
mediad (margin of dorsal projections smooth and not curved median in Oechalinella); female pregnital sternite
narrow, posterior margin medially deeply concave, with median sclerotised process; anal tube distinctly shorter
than gonoplac, tubular; gonoplac unilobate, with row of distinct teeth on posterior margin; bases of gonapophyses
VIII asymmetrical—left gonapophysis base with lobate, with hook-like process; right base of gonapophysis lobate,
smooth.

Description. Head including compound eyes narrower than pronotum. Vertex chevron-like in dorsal view, with
lateral margins as long as wide, anterior margin arcuate. Frons twice as long as broad in middle, roughly quadrate
except abruptly narrowing in ventral forth; lateral margins of frons thickened, carinate, median carina simple.
Frontoclypeal suture widely angulate. Clypeus with median longitudinal eminence. Pronotum with anterior margin
produced anteriad between compound eyes, with median carina not reaching anterior margin, disc of pronotum
not elevated. Mesonotum tricarinate, longer than broad, at same plane as vertex and pronotum, flat, with carinae
connected at base, lateral carinae reaching posterior margin. Tegmen hyperpterous long and narrow, membranous,
without granulation, with three defined lines formed by veins and veinlets: nodal, first and second postnodal lines.
Male pygofer, medially fused gonostyli and aedeagus asymmetrical. Female pregenital sternite narrow, posterior
margin medially deeply concave, with median sclerotised process. Anal tube distinctly shorter than gonoplac, tubular.
Gonoplac unilobate, with row of distinct teeth on posterior margin. Bases of gonapophyses VIII asymmetrical.
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Etymology. Generic name is derived from the name of the Sepik language Bitara (Berinomo), spoken in East
Sepik Province, Papua-New Guinea, in the area where the specimens were collected. Gender: feminine.

Bitara augusta sp. nov.
(Figs 1-46)

Diagnosis. Tegmen with cells C1 and C3 of similar length, terminal MP, single. Metatibia with 3 lateral spines
(including genual one) and row of 6 apical teeth (4+2) forming irregular line without diastema. Process of right lobe
of pygofer, arcuately curved, tapering caudad. Spines of endosoma of different sizes; one oriented caudad, ventral
one oriented cephalad; dorsal one the shortest, oriented dorsocephalad.

Description. Measurements: Total length 1.03—1.16 cm. Head. Vertex: proportion A/B = 1.64—1.81. Frons:
proportion C/E = 0.42-0.45; proportion D/E = 0.53-0.58. Thorax. Pronotum: proportion F/B = 0.64—0.68.
Mesonotum: proportion G/F+B = 2.22-2.40, proportion G/F = 5.45-5.90, proportion G/H = 1.09-1.18. Tegmina:
proportion I/] =2.41-2.64.

1 mm

FIGURES 1-5. Bitara augusta gen. et sp. nov., paratype, female. (1) habitus, lateral view; (2) same, dorsal view; (3) anterior
part of body, dorsal view; (4) head, frontal view; (anterior part of body, lateral view.
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1.00mm |l 25.0kV 15.1mm x36 BSE3D 70Pa

25.0kV 8.9mm x35 BSE3D 70Pa
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FIGURES 6-11. Bitara augusta gen. et sp. nov., paratype, female, SEM micrographs. (6—7) anterior part of body: (6) dorsal
view, (7) lateral view; (80) head, frontal view; (9) upper part of frons, frontal view; (10 median carina of frons, frontal view; (11)
lateral part of head and pronotum, lateral view.

Coloration (Figs 1-5). General colour ochraceous, speckled with lighter and darker irregular markings.
Anterior and lateral margins of vertex mahogany-red; disc of vertex lighter straw-coloured. Frons ochraceous,
with lighter speckles, median carina coloured as background, lateral carinations mahogany-brown. Postclypeus and
anteclypeus ochraceous. Anterolateral and posterior margin of pronotum mahogany-reddish, disc of pronotum straw-
colored. Mesonotum with lateral carinae mahogany-reddish, disc light straw-coloured, lateral margins ochraceous,
speckled. Tegulae ochraceous. Tegmen transparent, membranous, venation ochraceous. Legs uniformly coloured,
ochraceous.
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Head (Figs 1-13). Head with compound eyes narrower than pronotum. Vertex anteriorly projected, much
wider than long, chevron-like in dorsal view, anterior margin angulately rounded, posterior margin deeply arcuately
incised, lateral margins slightly diverging posteriad, all margins elevated, median carina almost reaching anterior
margin; disc of vertex flat. Frons twice as long as broad in middle, roughly quadrate except abruptly narrowing
in ventral fourth; lateral margins of frons thickened, carinate, median carina simple. Frontoclypeal suture broadly
angulate. Clypeus with median longitudinal eminence. Rostrum reaching hind coxae bases; apical segment longer
than broad, shorter than subapical segment. Callus small, posteriad of compound eye (Fig. 5). Ocelli small, below
midpoint on compound eye. Antenna with scape very short, pedicel elongated, cylindrical (about as long as wide),
with plate organs present on leading surface, tip of pedicel and ventral surface, trichoid sensilla type 1 and type 2
present: plate organs of crenelated type surrounded by a ring of elevated spines, higher than sensorial crests of the
plate organ of pedicel.

a

FIGURES 12-17. Bitara augusta gen. et sp. nov., paratype, female, SEM micrographs. (12) Antennal, lateral view; (13)
antennal plate organs; (14—17) tegmen: (14) apical part, (15) basal part, (16) end of clavus and CuA veins, (17) end of costal
membrane and ScRA veins.
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25.0kV 8.2mm x37 BSE3D 70Pa

_
25.0kV 17.4mm x34 BSE3D 70Pa

25.0kV 8.0mm x35 BSE3D 70Pa

FIGURES 18-23. Bitara augusta gen. et sp. nov., holotype, male, SEM micrographs. (18), abdomen, left side, lateral view;
(19) terminalia, left side, lateral view; (20) abdomen, right side, lateral view; (21) terminalia, right side lateral view; (22)
abdomen, ventral view; (23) genital capsule, ventral view.

Thorax (Figs 1-7, 11, 14-17). Pronotum short, approximately crescent-shaped in dorsal view; anterior margin
roundly produced anteriad between compound eyes; tricarinate, disc not elevated, delimited by lateral carinae, lateral
carinae distinctly elevated, median one not so, not reaching anterior margin; posterior margin carinate; sideways
T-shaped lateral carina between eye and tegula (base toward tegula).

Mesonotum longer than broad, on same plane as vertex and pronotum, flat; conspicuously tricarinate, lateral
carinae anteriorly curved to reach median carina, posteriorly parallel, reaching posterior margin; median carina
approximately reaching mesoscutellar suture. Mesoscutellar suture straight; posterior margin of mesoscutellum
acute. Tegula not carinate.
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Procoxa shorter than profemur, subquadrate, with margins slightly carinate, smooth. Profemur slightly shorter
than protibia, subquadrate in cross-section with rows of setae along. Protibia subquadrate in cross-section; short
decumbent setae along margins. Protarsus shorter than half of protibia length, basiprotarsomere scaphoid, apical
protarsomere longer than combined length of basiprotarsomere and midprotarsomere.

s

et
24 29 0.5 mm 25

FIGURES 24-29. Bitara augusta gen. et sp. nov., holotype, male. (24-25) terminalia: (24) left side, (25) right side; (26-27)
gonostyli: (26) left side, lateral view, (27) dorsal view; (28-29) phallic complex: (28) lateral view, (29) apical part, ventral
view.

Mesocoxa slightly shorter than mesofemur, subquadrate, with margins smooth. Mesofemur subquadrate in cross-
section, shorter than mesotibia, short, decumbent setae along margins. Mesotibia subquadrate in cross-section, with
rows of setae along, slightly longer than protibia; Mesotarsus shorter than half of mesotibia length, basimesotarsomere
scaphoid, apical mesotarsomere longer than combined length of basiprotarsomere and midprotarsomere.
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Metacoxa with coxal process widely triangular, very wide at base, spinose at apex. Metatibia distinctly longer than
metafemur, not widened apically, with 3 lateral spines and row of 6 apical teeth (4+2) forming irregular line, without
diastema: both lateral teeth same size; 4 internal spines different - two lateral internal teeth same size and same as
lateral teeth; pair of middle teeth same size and distinctly shorter than others. Basimetatarsomere about as long as
cumulative length of mid- and apical metatarsomeres, with apical row of 6 teeth; all teeth almost same size (see also
Wang et al. 2017 Fig. 7F).

25.0kV 7.6mm x63 BSE3D 70Pa

25.0kV 7.7mm x35 BSE3D 70Pa 1 mill 25.0kV 7.7mm x49 BSE3D 70Pa

FIGURES 30-35. Bitara augusta gen. et sp. nov., holotype (male) and paratype (female), SEM micrographs. (30-31) male.
(30) abdomen, dorsal view; (31) terminalia, dorsal view. (32-35) female. (32) terminalia, lateral view; (33) end of gonoplac,
dorsal view; (34) abdomen, dorsal view; (35) terminalia, dorsal view.
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25.0kV 7.4mm x45 BSE3D 70Pa

25.0kV 7.5mm x109 BSE3D 70Pa I 25.0kV 5.9mm x95 BSE3D 70Pa

FIGURES 36-39. Bitara augusta gen. et sp. nov., paratype, female, SEM micrographs. (36-39) terminalia, ventral view.

Wings as in Oechalinella (for veins and cells nomenclature see Wang et al. 2017, Figs. 3E, 4D). Tegmen
hyperpterous, long and narrow, membranous, without granulation, with three defined transverse lines formed by
veins and veinlets (proximal to distal): nodal, first and second postnodal lines. Costal area present, narrower than
costal cell, nearly reaching the level of tip of clavus, with sparse cross veins. Costal cell extending beyond midlength
the length of tegmen and without transverse veinlets. Stems ScP+R and MP leaving basal cell with a short common
stalk; stem ScP+R forked basad of tegmen midlength; branch ScP+RA separated from RP before nodal line.
ScP+RA, forked before at nodal line, slightly basad of apex of costal area; first fork of RP distinctly apicad of nodal
line, at level of first postnodal line. Stem MP forking first at level of nodal line; stalk MP|, markedly longer than
stalk MP, ; MP . forked at level of first postnodal line; stalk MP,_, forked at level of nodal line. Stem CuA forked
basad of ScP+R fork, proximad of tegmen midlength, distad of claval veins junction. Postnodal and subapical row
of cells of similar length. Clavus closed (i.e., with CuP reaching margin and claval veins reaching margin), with
apical tip acute, basad of end of costal area; claval veins Pcu and A, fused basad of half of CuP. Posterocubital cell,
postcubital cell and anal cell without transverse veinlets.

Hind wings hyaline, elongate, slightly shorter than tegmen, with costal cell widened at base, with anal lobe
wide. Stems ScP+R, MP and CuA, fused at base. Stem ScP+R forked at level of wing coupling apparatus (see Wang
et al. 2017, Figs 4E & 5D), at level of CuA| branching; branch ScP+RA with single or two terminals, reaching
margin well basad of apex of wing; branch RP with three terminals reaching margin at apical angle of wing. Stem
MP not forked before rp-mp and mp-cua veinlets, three terminals MP , MP, and MP,, reaching margin forked
well apicad. Stem CuA forked slightly basad of stem ScP+R forking, branch CuA, forked again basad of mp-
cua veinlet; terminals CuA |, CuA |, and CuA, forked apically, reaching margin with five-six terminals. Stem CuP
single. Stem Pcu distinctly curved before apex, fused for a distance with branching of A, A, single. Stems CuA and
CuP connected more distad. Veinlets rp-mp slightly apicad of mp-cua at about same level, apicad of CuA, forking,
cua-cup more basal, apicad of CuA forking.
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0.5 mm

46

FIGURES 40-46. Bitara augusta gen. et sp. nov., paratype, female. (40) pregenital sternite (right side), flattened; (41) anal
tube, dorsal view; (gonoplac, lateral view; (43—44) gonapophysis VIII and endogonocoxal process, lateral view: (43) left, (44)
right; (45—46) gonapophysis IX and gonospiculum bridge: (45) dorsal view, (46) lateral view.

Male terminalia (Figs 18-29). Pygofer asymmetrical, roughly triangular in lateral view, upper margin declivous,
lower margin straight; with posterodorsal elongate process on right side, left side without process; dorsal margin
not excavate at level of anal tube base; ventral margin deeply, arcuately excavate. Gonostyli asymmetrical, medially
fused into a plate, convex medially in ventral plane, in lateral view left gonostylus elongate, with subapical triangular
process, dorsal edge with an oblique hook-like process at about half of gonostylus length, directed cephalad; in lateral
view right gonostylus subtriangular, caudodorsal margin arcuate, dorsal margin without hook. Phallic complex
straight caudad; periandrium tubular, short, membranous, endosoma bulbous, spiniferous, with three asymmetric
distinct spines. Anal tube elongate, tubular, reaching almost to apex of gonostyli; with ventrocaudal, triangular
expansion, epiproct and paraproct of similar size.

Female terminalia (Figs 30-46). Pregenital sternite narrow, posterior margin medially deeply concave, with
median sclerotised process; anal tube distinctly shorter than gonoplac, tubular; gonoplac unilobate, with row of
distinct teeth on posterior margin; bases of gonapophyses VIII asymmetrical—left gonapophysis base lobate, with
hook-like process; right base of gonapophysis lobate, smooth; gonapophysis VIII with teeth on apical portion
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of dorsal margin, ventral margin arcuate, with three apical teeth; endogonocoxal process sabre-like, as long as
gonapophysis VIII.

Type material. Holotype, male: [D.N. Guinea 150. / Standlager a. Aprilfluss / 183, 12.-14.IX.1912 / Kais.
Augustafl. Exp. / Biirgers S.G.] (MNHU). Paratypes, 2 males, 1 female: [D.N. Guinea 150. / Standlager a. Aprilfluss
/183, 12.-14.1X.1912 / Kais. Augustafl. Exp. / Biirgers S.G.]—male (MNHU); [D.N. Guinea / Regenberg 550 m /
8=15-¥-13 / Kais. Augustafl. Exp. / Biirgers S.G.], [331/9.X.13.]—male (MIZ); [D. N. Guinea / Standlager b. Malu
/ 12.~13.111.1912 / Dr. Biirgers S.G.]—female (MNHU).

Distribution. New Guinea, Papua New Guinea, Madang Province.

Discussion

With the finding here of Bitara gen. nov., the key to the genera of Tropiduchini (Wang et al. 2017) should
be modified by replacing couplets 9 as follows:

Stem Sc+R fork basad of union of claval veins; distal postnodal line of tranverse veinlet irregular . Oechalina Melichar, 1914
- Stem Sc+R fork distad of union of claval veins; distal postnodal apical line of transverse veinlets regular (Fig. SA) ...... 9a
9a. Pronotum with median carina reaching anterior margin; male pygofer with short lobate semicircular expansion on posterodorsal
margin in right side, lobate subquadrate expansion in posterodorsal margin in left side .......... Oechalinella Wang, 2017
- Pronotum with median carina not reaching anterior margin; male pygofer with posterodorsal elongate process on right side, left
SIde WItROUL PIOCESS . . o o ettt ettt et e e e e e e e e e e e e Bitara gen. nov.

Bitara gen. nov. is another planthopper of the tribe Tropiduchini reported from New Guinea, east of Wallace line.
From the island of New Guinea, 17 species in 8 genera had been known before this report (Wang et al. 2017,
Bourgoin 2021). After the inclusion of Bitara augusta gen. et sp. nov. to of New Guinean Tropiduchidae, 13 species
(of 18) and 7 genera (of 9) represent the tribe Tropiduchini. These species are mainly inhabiting the ecoregion of
Northern New Guinea lowland rain and freshwater swamp forests (Camara-Leret ez al. 2019). The Wallace line—a
hypothetical boundary that separates the highly distinctive faunas of the Asian and Australian biogeographic regions
and passes between the islands of Bali and Lombok in Indonesia, between Borneo and Sulawesi, and between the
Philippines and the Moluccas, was first noted by Wallace (1860, 1863) and got its name by Huxley (1868). The
Wallace line and area of Wallacea were recently discussed by Ali & Heaney (2021), re-analyzed and discussed, e.g.
by Beron (2015) regarding arachnids, White ez al. (2020) regarding birds and mammals. Such analyses are lacking
for planthoppers; in respect of Tropiduchini, we can say only that currently 18 species distributed in 9 genera
(including Bitara augusta gen. et sp. nov. is known east of Wallace line, while west of Wallace line 21 species of 7
genera were reported (Wang ef al. 2017, Bourgoin 2021). Only 2 species were reported from both sides of Wallace
line.

According to Wang et al. (2017) monophyly of Tropiduchini is supported based on seven synapomorphies:
(1) the posterior margin of the vertex reaching nearly to anterior margin of eyes; (2) the anteriorly produced
pronotum reaching the anterior margin of the eyes; (3) the asymmetrical pygofer; (4) the asymmetrical gonostyli;
(5) periandrium surrounding a base of aedeagus; (6) endsomal processes membranous; (7) at least one median
processes on the ventrocaudad margin of the gonostylus. All these features are observable in Bitara gen. nov.
placing this genus clearly in Tropiduchini.

Left-right genital asymmetry is a recurring phenomenon in insect morphology, and recent studies have
highlighted its potential impact on our understanding of fundamental evolutionary processes like the evolution of
development and the selection for morphological novelties caused by behavioural changes. Current data suggest
that in insect taxa it has arisen multiple times independently (Huber et al. 2007, Huber 2010), but male asymmetries
tend to evolve first, and female asymmetries evolve later, if at all. In Heteroptera, for example, taxa with female
genital asymmetries are always nested within larger taxa in which male genital asymmetry exists, but rarely vice
versa (Larsén 1938). According to Huber et al. (2007) and Huber (2010) the evolution of left-right asymmetric
genitalia in insects is assumed as evolved in response to changes in mating behaviour. These changes could result
from so-called ‘behavioural drive’ (Huey et al. 2003, Acurio et al. 2019), where contact with new environmental
factors, can initiate evolutionary shifts in morphology, physiology or ecology. On the other hand, according to
results of Eberle et al. (2015) in Schizonycha chafer beetles (Coleoptera: Scarabaeidae: Schizonychini) there is no
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significant correlation of asymmetric genitalia and an increase in the rate of genital shape divergence. The situation
seems to be even more complex and underlines the highly complex mechanisms by which male genital morphology
might be under sexual selection (Hosken & Stockley 2004, Simmons 2014, Simmons et al. 2009). Interpretation
of the observed evolutionary patterns in morphology depends on detailed knowledge on copulation, courtship,
speciation mechanisms and infraspecific variation of the internal copulation organs, but this data is yet lacking for
most of the Tropiduchidae.
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