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Fulgoridae -- molecular
Taxonomic sampling:

Ingroup: 69 taxain 46 genera
-- representatives of 8 of 8 subfamilies, 10 of 11 tribes

Outgroups.

Dictyopharidae (7)

Cixiidae (2), Delphacidae (1)
Molecular data-- ~ 5000 bp

18SrDNA ~1,900 bp
28SrDNA ~2,200 bp
Histone 3 ~ 350 bp
Wingless ~ 350 bp

COl ~ 500 bp
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Bothriocera eborea

Oecl e(Lj,IS sp.h I
Tropidocephala sp.
Zan%a spip *
Zanna $p.2

Zanna $p.3

Raphiophora sp.
Scolops sulcipes
Dictyophara sp.

undet. Dictyopharidae
Rhynchomitra microrhina
Hyalodictyon sp.
Lappida sp.

Xosophara sp.
Neolieftinckana fuscata
Saiva nodata

Pyrops sp.

Pyrops intricata
Penthicodes sp.1
Penthicodes pulchella
Penthicodes $p.2
Kalidasa lanata
Anecphoratorrida
undet. Fulgoridae
Druentia sicca

Rentinus dilatatus
Eurinopsyche obscurata
Birdantisblotei
Desudaba danae
Odontoptera carrenoi
Odontoptera toulgoeti
Salubra sp.

Cathedra serrata
Fulgora sp.2
Fulgorasp.1

Fulgora laternaria
Phrictusregalis
Phrictustripartitus
Phrictus quinquepartitus
Enchophora nigromaculata
Enchophora sanguinea var.1
Enchophora sanguinea var.2
Artacie dufouri
Enchophora rosacea
Enchophora stillifera
Amerzanna peruana
Amyclevernalis
Cyrpoptus suavis
Calyptoproctus sp.
Paralystra florenciana
Pterodictyareticularis
Phenax variegata
Episcius boliviana
Episcius guianensis
Weyrauchia fulminea
Echetra modesta
Echetra nebulosa
Aracynthus sanguineus
Neocynthus crassusvar. 1
Neocynthus crassusvar. 2
Diareusa imitatrix
Diareusa annularis
Aphrodisias cacica
Sinuala tuberculata
Copidocephala guttata
Copidocephala viridiguttata
Flatolystra sp.1
Flatolystra .2

Dilobura conspurcata
Enhydria sp.

Lystra lanata

Learcha sponsa
Matacosa miscella
Scaralis semilimpida
Poblicia fuliginosa
Alphina glauca

Scaralis .1

Scaralis .2

Scaralis .3

MP analysis

-- 19 equally parsimonious
topologies

-- robust to different weightings
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era eborea
OecleusSSP™
Tropidocephala
Zanna sp.
Zanna $p.2
Zanna $p.3
Raphioph

} Cixiidae
— Delphacidae

cipes
Dictyophara sp.
undet. Dictyopharidae
Rhynchomitra microrhina
Hyalodictyon sp.
Lappida sp.
Xosophara sp.
Neolieftinckana fuscata
Saiva nodata
Pyrops sp.
Pyrops intricata
Penthicodes sp.1
Penthicodes pulchella
Penthicodes $p.2
Kalidasa lanata
Anecphoratorrida
undet. Fulgoridae
Druentia sicca
Rentinus dilatatus
Eurinopsyche obscurata
Birdantisblotei
Desudaba danae
Odontoptera carrenoi
Odontoptera toulgoeti
Salubra sp.
Cathedra serrata
Fulgora sp.2
Fulgorasp.1
Fulgora laternaria
Phrictusregalis
Phrictustripartitus
Phrictus quinquepartitus
Enchophora nigromacul ata
Enchophora sanguinea var.1
Enchophora sanguinea var.2

Dictyopharidae

Dictyopharids

MP analysis

-- 19 equally parssmonious
topologies

-- robust to different weightings

Fulgoridae not monophyletic
with respect to Dictyopharidae

Artacie dufouri
Enchophora rosacea
Enchophora stillifera
Amerzanna peruana
Amyclevernalis
Cyrpoptus suavis
Calyptoproctus sp.
Paralystra florenciana
Pterodictyareticularis
Phenax variegata
Episcius boliviana
Episcius guianensis
Weyrauchia fulminea
Echetra modesta
Echetra nebulosa
Aracynthus sanguineus
Neocynthus crassusvar. 1

Neocynthus crassusvar. 2
Diareusa imitatrix
Diareusa annularis
Aphrodisias cacica
Sinuala tuberculata
Copidocephala guttata
Copidocephala viridiguttata
Flatolystra sp.1
Flatolystra $.2

Dilobura conspurcata
Enhydria sp.

Lystra lanata

Learcha sponsa
Matacosa miscella
Scaralis semilimpida
Poblicia fuliginosa
Alphina glauca

Scaralis .1

Scaralis .2

Scaralis .3
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Bothriocera eborea
Oecleus sp.

Zanna sp.

Zanna $p.2

Zanna $p.3

Raphiophora sp.
Scolops sulcipes
Dictyophara sp.

undet. Dictyopharidae
Rhynchomitra microrhina
Hyalodictyon sp.
Lappida sp.

Xosophara sp.
Neolieftinckana fuscata
Saiva nodata

Pyrops sp.

Pyrops intricata
Penthicodes sp.1
Penthicodes pulchella
Penthicodes sp.2
Kalidasa lanata
Anecphoratorrida
undet. Fulgoridae
Druentia sicca

Rentinus dilatatus
Eurinopsyche obscurata
Birdantisblotei
Desudaba danae
Odontoptera carrenoi
Odontoptera toulgoeti
Salubra sp.

Cathedra serrata
Fulgorasp.2
Fulgorasp.1

Fulgora laternaria
Phrictusregalis
Phrictustripartitus
Phrictus quinquepartitus
Enchophora nigromaculata
Enchophora sanguinea var.1
Enchophora sanguinea var.2
Artacie dufouri
Enchophora rosacea
Enchophora stillifera
Amerzanna peruana
Amyclevernalis
Cyrpoptus suavis
Calyptoproctus sp.
Paralystraflorenciana
Pterodictya reticularis
Phenax variegata
Episcius boliviana
Episcius guianensis
Weyrauchia fulminea
Echetra modesta
Echetra nebulosa
Aracynthus sanguineus
Neocynthus crassusvar. 1
Neocynthus crassus var. 2
Diareusa imitatrix
Diareusa annularis
Aphrodisias cacica
Sinuala tuberculata
Copidocephala guttata
Copidocephala viridiguttata
Flatolystra sp.1
Flatolystra sp.2
Dilobura conspurcata
Enhydria sp.

Lystra lanata

Learcha sponsa
Matacosa miscella
Scaralis semilimpida
Poblicia fuliginosa
Alphina glauca
Scaralissp.1

Scaralis $p.2
Scaralis .3

} Cixiidae
Tropidoc?phala s. —Dd phacidae

Dictyopharidae

MP analysis

-- 19 equally parssmonious
topologies

-- robust to different weightings

Fulgoridae not monophyletic
with respect to Dictyopharidae



Bothriocera eborea } Cixiidae

Oecleus sp.

Tropi dociphalasp. — D€ phaCi dae

J© - Zannasp L]
I_EZannaSP.Z S O C m I Ca I On
Zanna sp.3 -
Raphiophora sp.
Scolops sulcipes
Dictyophara sp.

[ e, Dictyopharidae : -
-- Regject monophyly of family

Neolieftinckana fuscata
Saiva nodata

P . -
-- Reject monophyly of 5 of 7
Portpicodes plchela T
tested subfamilies
undet. Fulgoridae
I—

Druentia sicca

-- Rgect monophyly of 5 of 6

Desudaba danae

Odontoptera carrenoi -

tested tribes

Salubra sp.

— Cathedra serrata
Fulgorasp.2
Fulgorasp.1
Fulgoralaternaria
Phrictusregalis

_E Phrictustripartitus

bt Phrictus quinquepartitus

Enchophora nigromaculata

Enchophora sanguinea var.1

Enchophora sanguinea var.2
Artacie dufouri

_E Enchophora rosacea
Enchophora stillifera

Amerzanna peruana

Amyclevernalis

— Cyrpoptus suavis

Calyptoproctus sp.

Paralystraflorenciana

Pterodictyareticularis

Phenax variegata

Episcius boliviana

Episcius guianensis

Weyrauchia fulminea

Echetra modesta

Echetra nebulosa

Aracynthus sanguineus

Neocynthus crassusvar. 1

Neocynthus crassusvar. 2

Diareusa imitatrix

Diareusa annularis

Aphrodisias cacica

Sinuala tuberculata

Copidocephala guttata

Copidocephala viridiguttata

Flatolystra sp.1

Flatolystra sp.2

Dilobura conspurcata

Enhydria sp.

Lystra lanata

Learcha sponsa

Matacosa miscella

Scaralis semilimpida

Poblicia fuliginosa

Alphina glauca

Scaralis .1

Scaralissp.2

Scaralis$.3
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Bothriocera eborea HW
Oecleus sp. } Cixiidae

Tropidocephala sp. —Dd phaCidae

J™ Zanna.l n
bL s 10geodr a
Zanna $p.3 -
Raphiophora sp.
Scol ops sulcipes
Dictyophara sp.

Hyalodictyon sp.
. Lappidasp.

det. Dictyopharid ' [
R } Dictyopharidae

Xosophara sp.

Neolieftinckana fuscata

-- Old World origin
=L -- Monophyletic New World
4% (colonization of Neotropics)
4[5

Druentia sicca
Rentinus dilatatus

e -- Multiple dispersal events

Desudaba danae

Into Nearctic

Mapping Head Process.

= Amyclevernalis

Nearctic -- 4-7 losses of head process
across fulgorid evolution

I Pobliciafuligi H
— Near ctic



3 Zanna $p.3 7anna
CE Zanna $p.1
Laooid Zanna $p.2 * il -
appicasp. LappidaRaphiophorgcolops
Scolops sulcipes

5 Raphiophora sp.
LE D

ictyophara g

Dictyophara % .

Rhynchomitra microrhing. ; F:
Hyalodictyon ép_ "Bictyophar &Rhynchomiktyal odictyon
Xosophara sp. .1
Pyrops sp. 5
— L eoidey = S
Anecphosrag\g% n odata XosopharaPyrops ~ Saiva
Penthicodes farinosa
Penthicodes pulchella o =" & “h e

Penthicodes atomaria
Druentiasicca
undet. Fulgoridae

Kalidasa lanata

Neolieftinckana fuscata
Birdantis bl6tei
Desudaba danaé
Eurinopsyche sp.
Eurinopsyche obscurata

Odontoptera toulgoeti
Enchophora sanguinea var.1
Enchophora sanguinea var.2
Enchophora nigromaculata
Enchophora rosacea
Enchophora stillifera
Artacie dufourii
Phrictustripartitus
Phrictus quinquepartitus
Phrictusregalis
Cathedra serrata
Fulgora castresii
Fulgora laternaria
Fulgora cearensis
Stalubra brunnea
Pterodictyareticularis
Phenax variegata
Echetra nebulosa
Episcius bolivianus
Aracynthus sanguineus
Neocynthus crassus
Neocynthus sp.
Diareusa imitatrix
Diareusa annularis
Snuala tuberculata
Aphrodisias cacica
Copidocephala guttata
Copidocephala viridiguttata
Echetra modesta
Weyrauchia peruviana
Episcius guianensis
Cyrpoptus suavis
Amyclevernalis
Amerzanna peruana P 1
Calyptoproctus sp.
Paralystra florenciana Cyrpop
Flatolystra distincta
|atolystra verrucosa
Enhydria tessellata
Dilobura conspurcata
Lystra lanata
Learcha sponsa
Pobliciafuliginosa

Scaralis sp.2 .
Matacosa miscella

Scaralis semilimpida
Alphina glauca
Scaralissp.1

Scaralis$.3

Anecphor @enthi codeBr uenti andeter mingdalidasa

L = R Y

Neolieftinckarir danti ©esudab&urinopsyche

L]
Odontoptera

¢ e

EnchophoraArtacie
-

Phrictus

* S

Cathedra Fulgora Stalubra
“ iy
Pterodictya Phenax

| o ] P i
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Echetra Episcius Aracynthugieocynthus

e

e s

Diareussi nual &phr odisi&opidocephala

Echetr aVeyrauchikpiscius

) i ik

tusAmycle AmerzannaCalyptoproddasalystra
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FlatolystrEnhydriaDilobura
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Lystra Learcha

e T T S T
Poblicia Scaralis Matacosa Alphina




Fulgoridae -- molecules + mor phology

Taxonomic sampling

69 ingroup taxa + 10 outgroups

Morphological data -- 110 characters

Characters and states developed from literature on
Fulgoridae and other planthopper families

Molecular data -- ~ 5000 bp

18SrDNA ~1,900 bp
28SrDNA ~2,200 bp
Histone 3 ~ 350bp
Wingless ~ 350bp

Col ~ 500bp



Bothriocera eborea

<f — Bayesian analysis
'—chim%g@ng;gﬁ i
e i Zanna placed outside of

Neol i%fti ncksé%a fuscata
E| ro{_antl Sdbl o%e|t .
entinusdilatatus
Eurinopsyche obscurata F | d
Eurinopsycne ob uigoriaae
I Saivanodata

Australia — | O icata
- PNG 8
1 Penthicodes pulchella .
e I Monophyletic New World

undet. Fulgoridae

Africa+ Asia |ineage

2 Old World lineages?




Bothrlocera eborea

b Tr op| dooeghala P.

Zanna spl
Zanna .2
appida

I—|_
aPhlop ora .
= cto shsul cipes ]
ictyophara
D|ct¥oghara %
_: Rhynchomitra mcrorhl na
Hyalodictyon sp.
U:!Jpl idl A b
Neoliefti nckana fuscata
Birdantisblotel
Rentinusdilatatus
Eurinopsyche obscurata
Desudaba danae
| | —— geu va nodata
H rops
Austra“a -] {Pgr?sﬁﬁ)tncata
lanata
+ PN G I |Anecphoratorrida

Penthicodes farinosa
1 Penthicodes pulchela
Penthicodes atomaria
— Druentia Sicca
lundet. Fulgoridae

Africa+ Asia




Fulgoridae || (Urban & Cryan, in progress)

| ncreasing taxonomic sampling
13 genera new to data set

40 species new to data set

Rewor king some mor phological characters

Objective: Basisfor revised classification



N -
Raugeeacborea 1 Cixiidae

[ sy Ty Delphacidae Increased sampling of Zanna

Zanna $p.3
Raphioph

cipes
Dictyophara sp. . .
undgt.%ictyoppharidae Di Ctyophar idae

_E Rhynchomitra microrhina

Hyalodictyon sp.
Lappida sp.

Xosophara sp.

Neolieftinckana fuscata
Saiva nodata

Pyrops sp.

Pyrops intricata
Penthicodes sp.1
Penthicodes pulchella

Penthicodes $p.2
Kalidasa lanata
Anecphoratorrida
undet. Fulgoridae
Druentia sicca
Rentinus dilatatus
Eurinopsyche obscurata
Birdantisblotei
Desudaba danae
_E Odontoptera carrenoi
Odontoptera toulgoeti
Salubra sp.
Cathedra serrata
Fulgora sp.2
Fulgorasp.1
Fulgora laternaria
Phrictusregalis
Phrictustripartitus
Phrictus quinquepartitus
Enchophora nigromacul ata
Enchophora sanguinea var.1
Enchophora sanguinea var.2
Artacie dufouri
Enchophora rosacea
Enchophora stillifera
Amerzanna peruana
Amyclevernalis
Cyrpoptus suavis
Calyptoproctus sp.
Paralystra florenciana
Pterodictyareticularis
Phenax variegata
Episcius boliviana
Episcius guianensis
Weyrauchia fulminea
Echetra modesta
Echetra nebulosa
Aracynthus sanguineus
| _E Neocynthus crassusvar. 1
Neocynthus crassusvar. 2
_E Diareusa imitatrix
Diareusa annularis
Aphrodisias cacica
Sinuala tuberculata
Copidocephala guttata
Copidocephala viridiguttata
Flatolystra sp.1
Flatolystra $.2
Dilobura conspurcata
Enhydria sp.
Lystra lanata
Learcha sponsa
Matacosa miscella
Scaralis semilimpida
Poblicia fuliginosa
Alphina glauca
Scaralis .1
Scaralis .2
Scaralis .3

L.

Ml
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Bothriocera eborea
Oecleus sp.
Tropidocephala sp.
Zan%a sp.?tp »
Zanna $p.2

} Cixiidae
— Delphacidae

Zanna $p.3
Raphiophora sp.
Scolops sulcipes
Dictyophara sp.
undet. Dictyopharidae
Rhynchomitra microrhin
Hyalodictyon sp.
Lappida sp.

Xosophara sp.
Neolieftinckana fuscata

Dictyopharidae

Saiva nodata

Pyrops sp.

Pyrops intricata
Penthicodes sp.1
Penthicodes pulchella
Penthicodes $p.2
Kalidasa lanata
Anecphoratorrida
undet. Fulgoridae
Druentia sicca

Rentinus dilatatus
Eurinopsyche obscurata
Birdantisblotei
Desudaba danae
Odontoptera carrenoi
Odontoptera toulgoeti
Salubra sp.

Cathedra serrata
Fulgora sp.2
Fulgorasp.1

Fulgora laternaria
Phrictusregalis
Phrictustripartitus
Phrictus quinquepartitus
Enchophora nigromacul ata
Enchophora sanguinea var.1
Enchophora sanguinea var.2
Artacie dufouri
Enchophora rosacea
Enchophora stillifera
Amerzanna peruana
Amyclevernalis
Cyrpoptus suavis
Calyptoproctus sp.
Paralystra florenciana
Pterodictya reticularis
Phenax variegata
Episcius boliviana
Episcius guianensis
Weyrauchia fulminea
Echetra modesta
Echetra nebulosa
Aracynthus sanguineus
Neocynthus crassusvar. 1
Neocynthus crassusvar. 2
Diaréusa imitatrix
Diareusa annularis
Aphrodisias cacica
Sinuala tuberculata
Copidocephala guttata
Copidocephala viridiguttata
Flatolystra sp.1
Flatolystra $.2

Dilobura conspurcata
Enhydria sp.

Lystra lanata

Learcha sponsa
Matacosa miscella
Scaralis semilimpida
Poblicia fuliginosa
Alphina glauca

Scaralis .1

Scaralis .2

Scaralis .3

| ncreased sampling of Zanna

| ncreased sampling within
Dictyopharidae

|ncreased Old World
sampling (3 genera)

| ncreased sampling within
genera



Endosymbionts

Within Fulgoridae and Dictyopharidae
Sulcia mudlleri ? -proteobacteria

Aphrophora quadrinotata
Clastoptera arizonana
Scolopssulcipes

%;gtl opshsp. L ? Zanna SP. 1
Dicyoprra o3 _|_ ? Xosophara sp.
—___Rhaphiophora sp.

? Neolieftinckana fuscata
? Druentia sicca

Zanna sp.
Xosophara p.

Neolieftinckana fuscata
Rentinusdilatatu s
Desudaba danae
Saiva nodata
Pyropsintricata
Penthicodes .2
Anecphora torrida
Druentia sicca
‘ Kalidasa lanata

undet. Fulgoridae

nicialGE




Other Lineages?
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(Moran et al., 2005)



Sulcia in Delphacidae?

(Buchner, 1965)

DNipfphocinas
f+H

Araagidasings

sdfbrdp H
Berrnmreemi e

Keliziinae ct r¥g

PR A NI x;.r..*

S+

Agiraringe
-+ x4+ p




New Rentinus species

Collected by Simon lab -- Australia

S —
2 mm




