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Combining molecular data sets with strongly heterogeneous taxon coverage enlightens
the peculiar biogeographic history of Stoneflies (Insecta: Plecoptera)

Harald Letsch'->*, Sabrina Simon?, Paul B. Frandsen*>, Shanlin Liu®, Ryuichiro Machida’,
Christoph Mayer®, Bernhard Misof®, Oliver Niehuis®, Xin Zhou®, Benjamin Wipfler®”

Fig. S1: Results of the super tree reconstruction analyses of the transcriptomic single gene
tree data sets using “Matrix representation with Parsimony” (MRP). a) 278 gene trees data
set, b) 389 gene trees data set, c) 1764 gene trees data set, d) 2997 gene trees data set.

Fig. S2: Results of the super tree reconstruction analyses of the transcriptomic single gene
tree data sets using FastRFS. a) 278 gene trees data set, b) 389 gene trees data set, ¢) 1764
gene trees data set, d) 2997 gene trees data set.

Fig. S3: Results of the ML tree reconstruction analyses of the concatenated transcriptomic
data sets. a) 278 genes data set, b) 389 genes data set, ¢) 1764 genes data set, d) 2997 genes
data set.

Fig. S4: Heat maps showing the results from pairwise comparison of species in the
concatenated transcriptomic data sets using Bowker's test of symmetry. White boxes with p-
values > 0.05 indicate that the corresponding species pair does not violate the assumption of
global stationary, reversibility, and homogeneity (SRH conditions). a) 278 genes data set, b)
389 genes data set, ¢) 1764 genes data set, d) 2997 genes data set.

Fig. S5: Results of the unconstrained best ML tree reconstruction analyses in IQ-TREE of the
concatenated Sanger sequence data set.

Fig. S6: Results of the BEAST Bayesian Inference analyses, showing the relationships and
divergence times of stoneflies.

Fig. S7: Results of net diversification rate over time estimations in Systellognatha and
Euholognatha. Rates of the individual (super-)families were extracted by the rate-through-
time approach with BAMMtools. Grey polygon denotes the 10% through 90% Bayesian
credible regions on the distribution of rates as calculated in BAMM.
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rofr——  Leuctra_inermis
uctra_duplicata
03 o 89'6% _ Leuctra_sp
| 98-[ Leuctra_sibleyi
SToroT Leuctra_carolinensis

Notonemouridae

53.4/69

99.8/97

eyjeubojoyny

Leuctra_biloba

Leuctra_grandis

Leuctra_alexanderi
Leuctra_tenella

82 9/61
0/36

a_tenuis
uctra_ferruginea

Scopura_montana
Bolotoperla_rossi
Brachyptera_vera
Taenionema_palladium
/86 Taenionema_atlanticum
nema_pacificum
‘Taenionema_uinta

Scopuridae

| 07750 100/100

Brachypterainae

Doddsia_occidentalis
- [ Rhabdiopteryx_acuminata
98. 1__71.2/60 —55-3/1c5jrophopteryx_appalachia
69.3/68 " phopteryx_fasciata

Oemopteryx_vanduzeea
L] 87.9/60 Taeniopteryx_maura
83.8/63 —| ™ 1001

1 00/100 ————— Taeniopteryx_nebulosa
88,85 Taeniopteryx_burski

40(% geniopteryx_nivalis

] w ctra_kincaidi
i Megaleuctra_stigmata

Taeniopterygidae

Leuctridae | Leuctrinae

Taeniopteryginae

Taeniopteryx_parvula

Megaleuctridae

68.9/4G  Capnopsis_schilleri
84.8/81 | [gspsgpnia_opis

I Q29/95

Paracapnia_angulata
Eucapnopsis_brevicauda

Samyracs Isocapnia_hyalita

BT IST Nemocapnia_carolina

pnia_bifrons
19.5/43 % é@/@ia_ledoarei
Bolshecapnia_sp
Capnura_wanica

Mesocapnia_arizonensis
952/ 7%@6§o@apniajrisoni

apnia_sp
Allocapnia_minima
Apteroperla_tikumana
Utacapnia_columbiana

o apnia_ohioensis
9'5(/3 apnia_rickeri

Allocapnia_vivipara
B19A. 830

88,1744 Allocapnia_maria

98.7/98 J ia_aurora ii
71.1/24 gglgggpgiafnivicola Ca p niil d ae
nia_curiosa
83.2/17 nia_mystica

pnia_granulata
capnia_pygmaea
Capnia_vidua
Capnia_atra
Capnia_nigra
Capnia_pygmaea

55.3/15 .
Utacapnia_logana
Capnia_petila

nia_gracilaria
9 9%pniaﬁarapahoe
apnia_coyote
apnia_confusa
Capnia_vernalis
Capnia_nelsoni
58aggia_coloradensis
- Capnia_nana

0.06



Eaa— —— R Cryptoperla_ishigakiensis

Fig. S6

o Diamphipnopsis_samali
Diamphipnoa_virescentipennis
[ Neuroperlopsis_patris
2428 i o5 — Thaumatoperla_sp
I ﬁ Eusthenia_costalis
. a8 § Eusthenia_lacustris
75, Stenoperla_helsoni
Neuroperla_schedingi
—r— Stenoperla_maclellani
| 4 — Stenoperla_prasina
————  Cosmioperla_sp
 —— & 2g?smioperlafkuna
48 smioperla_australis
Crypturoperla_paradoxa
Austroperla_cyrene
i=ie; %ﬁ Z;anturoperla_barzata
06 —= lapopteryx_armillata
| [ — Austroheptura_sp
1 é Tasmanoperla_larvalis
Tasmanoperla_thalia
Acruroperla_atra
= I Newmanoperla_thoreyi

—a35 Newmanoperla_hackeri
E  ——— Newmanoperla_prona
+05-90——y IAIQ%mantlyper/a_;heischfngeri
—= iekoperla_montana u H n
[ et —_— ﬁlekoperla,tubercqlata I_e pto p e r I | n a e
1 T ewmanoper/afextgua
]

Diamphipnoidae

| Eustheniinae

Eustheniidae

Stenoperlinae

“Austroperlidae”

; o O £ e Leptoperla_tsyrlini
—_— Leptoperla_sp

— Teutoperla_auberti
— - é‘il/}nnoperlal _jagfueli
PP fonsoperla_flinti
=522 Rhithroperla_sp
Kirrama_sp
T - Eunotoperla_sp
L +38-95— Eunotoperla_kershawi
68— —ormg——  [rinotoperla_nivata
t—————  Trinotoperla_montana
[ 8578— —gz—  llliesoperla_australis
llliesoperla_sp
r - Dinotoperla_fontana
Dinotoperla_sp
—= Dinotoperla_serricauda
Megaleptoperla_grandis
Gripopteryx_sp
i I Zelandoperla_decorata
T T Zelandoperla_agnetis
33370 40k T P Zelandoperla_denticulata
= ?e/andolperla_f?nestrata
— araperla_ancilis
) 2682 raperla_pseudocyrene
] é 4'ﬁraperla,howesi
[ Acroperla_trivacuata
i — ﬂcraper;afchristirzae
croperla_samueli
le=p=38.1 1A(:mperla_ flavescens
[ Rakiuraperla_nudipes
L 64— Holcoperla_jacksoni
% Holcoperla_magna
Holcoperla_angularis
= Rungaperla_longicauda
—_— Aucklandobius_gressitti
. [ t Nesoperla_patricki
Apteryoperla_nancyae
Apteryoperla_ramsayi
pa— Apteryoperla_monticola
———————  Nesoperla_fulvescens
1 % o Apteryoperla_lakiula
Apteryoperla_illiesi
Senzilloides_panguipullii
I Notoperla_sp
e 67 Riekoperla_intermedia
L —dafio— Nescioperla_sp
Riekoperla_compressa
] L% Riekoperla_rugosa
Cardioperla_lobata
—r Riekoperla_karki
Fome T—————  Riekoperla_alpina
Riekoperla_triloba
Riekoperla_williamsi
Riekoperla_trapeza
Riekoperla_hynesorum
Riekoperla_reticulata
Megandiperla_sp
Chilenoperla_sp
¥ Pelurgoperla_personata
ﬁ 5.Ofntarctoperia_sp
udioperla_sp
——————————  Zelandobius_uniramus
b == ¢ gg?icaperla_substirpes
T landobius_pilosus
= Zelandobius_truncus
Zelandobius_furcillatus
6 Zelandobius_auratus
842§{a4§9icaperla7townsendi
Zelandobius_unicolor
Vesicaperla_eylesi
N e Zelandobius_edensis

Zelandobius_takahe
[ @5 Zelandobius_macburneyi
~ = Zelandobius_wardi
- Zelandobius_alatus
Zelandobius_childi
28, Zelandobius_patricki
4819 ' Zelandobius_albofasciatus
| reve— Zelandobius_confusus
A Zelandobius_kuscheli
3 sicaperla_dugdalei
‘Zelandobius_foxi
Vesicaperla_trilinea
"=~ Vesicaperla_celmisia
— Cerconychia_sp
Styloperla_wui
—t o Styloperla_sp
—r . Sierraperla_cora
| PP Yoraperla_brevis
L = Yoraperla_uenoi
Yoraperla_nigrisoma
440 34 I Cryptoperla_kawasawai
¥ — Cryptoperla_sp
T Cryptoperla_japonica

I “Gripopteryginae”

>
-
-
Q
q
(o]
-
(=]
©
M
-

ele

Gripopterygidae

“Antarctoperlinae”

“Zelandoperlinae”

6.96

Styloperlidae

Peltoperlidae Peltoperlinae

Soliperla_campanula
Viehoperla_ada
i [ Peltoperla_arcuata
#4250 Tallaperla_anna
‘—%11 Tallaperla_maria
Tallaperla_lobata
Pteronarcella_badia
1.4 g g;z;gggf:ﬁfgﬁobata
42&8:’:- . —==09 Pteronarcys_proteus
83— Pteronarcys_scotti
Pteronarcys_dorsata
Pteronarcys_sachalina
% 41 Pteronarcys_princeps
"' Pteronarcys_californica
Kathroperla_perdita h I
Calineuria_californica K at r Op er a
Calineuria_stigmatica
I Hesperoperla_pacifica
L H8ES Perlinella_drymo
Hansonoperla_appalachia
H2656—— [ Beloneuria_stewarti
96— T 52 = Perlesta_nelsoni
L 3329 9305 1 Beloneuria_georgiana
————  Perlesta_shubuta
T § rlesta_placida
5 'Sg:rlestafdecipines
o5 Doroneuria_theodora
Doroneuria_baumanni
L o o Acroneuria_hainana
Acroneuria_lycorias
HETa T Eccoptura_xanthenes
e, I Acroneuria_carolinensis
2t Inconeuria_sp
= Kempnyella_sp
B Pictetoperla_sp
203 ﬂnacroneurii_sp b .
AG63— croneuria_kosztarabi I d
Acroneuria_frisoni Pe r I a e
5 chroneur{a,abnormis
““Acroneuria_arenosa
Cl lia_sabulosa
Perla_marginata

Pteronarcyidae

Acroneuriinae

= - Dinocras_cephalotes
" e Togoperla_limbata .
Paragnetina_media Pe r I | n a e
L S6-83—— =59 amimuria_chungnanshana
| ““Kamimuria_wangi

PP Li Paragnetina_immarginata
Togoperla_sp

Neoperla_occipitalis

'! 4 E Neoperla_stewarti
Neoperla_clymene
25— ——————————  Oyamia_lugubris
| E— Oyamia_seminigra
8045 =5 Oyamia_cryptomeria
————  Agnetina_capitata
+9058—— T 98— e Agnetina_flavescens
t———— Agnetina_annulipes
=" Neaviperla_forcipata
—_— Suwallia_teleckojensis

Alloperla_serrata
Alloperla_concolor

[ bl
Alloperla_severa
o -515 lloperla_thalia
*"Alloperla_pilosa

loperla_imbecilla
‘Afloperla_biserrata

Alloperla_petasata
3 zlloper/a_banksi
"Alloperla_atlantica

Paraperla_frontalis

“Chloroperlinae”

Utaperla_sopladora
L BfAd—— s §We{{sa,lsonglstyla

Sasquaperla_hoopa
Sweltsa_borealis
Sweltsa_lateralis
Sweltsa_urticae

o Sweltsa_coloradensis
~“Sweltsa_lamba

10225 [ - Sweltsa_palearata
Sweltsa_naica
="6.7 weltsa_onkos

" Sweltsa_mediana

Plumiperla_diversa
Triznaka_pintada
Chloroperla_susemicheli
S Chloroperla_kosarovi
Chloroperla_tripunctata
Haploperla_brevis
Haploperla_orpha
iphonoperla_torrentium
iphonoperla_italica
iphonoperla_transsylvanica
iphonoperla_montana
iphonoperla_lepineyi
iphonoperla_hajastanica
phonoperla_graeca
iphonoperla_neglecta
honoperla_burmeisteri
honoperla_taurica
Frisonia_picticeps
Perlinodes_aurea
=t . Salmoperia_sylvanica
Skwala_americana
Arcynopteryx_compacta

Paraperlinae

ﬁ

L 3=t

Chloroperlidae

|

eyjeuboj|oishs

“Chloroperlinae”

!

3892

W
wo 3
GOOBDOOHNON

“Perlodinae”

Megarcys_signata

Megarcys_watertoni
= 4? legarcys_subtruncata

“‘Megarcys_stigmata

—rr - Isoperla_quinquepunctata
— Setvena_wahkeena

Isoperla_nana

23 2/ erla_transmarina
i Isoperla_signata
p = Isoperla_dicala

—_— Isoperla_cotta
Isoperla_grammatica
Isoperla_bilineata

106-29— Isoperla_marlynia

6.1 operla_frisoni
" Isoperla_namata
— Isoperla_sobria
Clioperla_clio
Calliperla_luctuosa

#E# - Cosumnoperia_hypocrena

5368— Isoperla_petersoni
. ﬁ7 Cascadoperia_trictura
Mesoperlina_pecircai

Isoperla_fulva

4 - Isoperla_slossonae
== Isoperla_phalerata
= Isoperla_obscura
bt Isoperla_davisi
t——33-89 =T Isoperia_sp1
Isoperla_oxylepis
Pictetiella_expansa
F === S Chernokrilus_misnomus
Osobenus_yakimae

Cultus_pilatus
I S —— ]
Isoperla_sp2

E I8 = Cultus_decisus
Remenus_bilobatus
4 = Kogotus_nonus

t—————  Rickera_sorpta

“Isoperlinae”

Perlodidae

s o i Diploperla_sp
=% Diploperla_morgani
Baumanella_alameda
Oconoperla_innubila
————  Perlodes_mortoni

1 84 Perlodes_dispar
Dictyogenus_fontium
L == Besdolus_ravizzarum
| Besdolus_ventralis

| T 83./3  Besdolus_bicolor

Diura_knowltoni
£88-36— ﬂ ooBesdolus_illyricus
*““Besdolus_imhoffi

Malirekus_iroquois

Yugus_bulbosus
% Helopicus_bogaloosa
; Py Susulus_venustus
Hydroperla_crosbyi
L 69 Isogenoides_olivaceus
Isagenoides_frontalis
1sogenoides_colubrinus
Tg Isogenoides_zionensis
Isogenoides_elongatus
Isogenoides_doratus
Isogenoides_varians
Isogenoides_hansoni

.93
Paranemoura_claasseni
= Paranemoura_perfecta
===, Lednia_tumana
4 —————  Shipsa_rotunda
|_2&“%6 4£rostoiafcompleta

e Frfo——— "~ Prostoia_similis

|

I

Podmosta_decepta

. - - T '_Ezn Podmosta_delicatula
—_— Prostoia_besametsa

Nemurella_pictetii

“Nemourinae”

3 Visoka_cataractae
L R Ostrocerca_foersteri
1 22 =% Ostrocerca_albidipennis
— Ostrocerca_complexa
Nanonemoura_wahkeena
Ostrocerca_truncata
Q474 Amphinemura_wui
! o 17 Amphinemura_appalachia
Eli I ——————  Malenka_coloradensis
+24 =3 5 Malenka_flexura
ﬁ' Malenka_californica
I Amphinemura_sulcicollis
-y — phinemura_nigritta
1085 | I £ 3ﬁ,hz;phinemurafdelosa
Amphinemura_standfussi
Amphinemura_linda
Amphinemura_palmeni
————  Soyedina_vallicularia
— % Soyedina_washingtoni
- Soyedina_producta
Zapada_cinctipes

Nemoura_viki
@ Nemoura_cinerea

Nemoura_sp
8370 '% Nemoura_arctica
Nemoura_trispinosa

Zapada_columbiana
= Zapada_oregonensis

Zapada_frigida
= ﬁ % Protonemura_ausonia
Zapada_cordillera
556 & 3 tonemura_gevi
‘Protonemura_culmenis
PR  Zapada_sexton
Protonemura_alcazaba

9 tonemura_talboti
I 43 2’I?’?@tonemurafmeyeri

234 Zapada_glacier
—% 97ZapadéLhaysi
2" Protonemura_praecox
Aphanicercella_flabellata
Aphanicercopsis_denticulata
=027 = Desmonemoura_brevis
e  E—— L Aphanicerca_capensis
Afronemoura_amatolae
Notonemoura_latipennis
1 — Notonemoura_hendersoni
— Notonemoura_alisteri
48850 I - Neofulla_sp
T Notonemoura_maculata

L —66 e Halticoperla_viridens

Halticoperla_tara

o Austronemoura_auberti
— Austronemoura_sp

Austrocercella_sp
. Austrocercoides_zwicki
s Tasmanocerca_bifasciata
55 Austrocerca_tasmanica
Spaniocerca_bicornuta
'ﬂ Spaniocerca_zelandica
Spaniocerca_zwicki
4 Spaniocerca_acuta
- Spaniocerca_longicauda
., - 04 Spaniocerca_minor
3299 -~ Spaniocerca_hamishi

— Kimminsoperla_albomacula
i £3 —, 150manuperla_hollowayae
55 —"""Omanuperla_bruningi
——————  Cristaperla_fimbria
% Cristaperla_waharoa
Cristaperla_eylesi
=57 leonemura_barrosi
— " 'Neonemura_sp
PP —————  Spaniocercoides_philpotti
i S — ; g gniocercoides _jacksoni
g niocercoides_cowleyi
5 nganiocercoides_howesi
=£5 paniocercoides_townsendi
Spaniocercoides_foxi
Spaniocercoides_hudsoni
[ Paraleuctra_sara
T T Paraleuctra_occidentalis
Paraleuctra_vershina
I Zealeuctra_arnoldi
E = 1 oo Perlomyia_utahensis
40304 Calileuctra_ephemera
————  Tyrrhenoleuctra_tangerina
6380 ‘%3 Tyrrhenoleuctra_sp
Tyrrhenoleuctra_zavattarii
Moselia_infuscata
Leuctra_braueri

| rvor— .
! +36e8 G 3 Leuctra_vesulensis
‘-ﬂi%%ee%ctra_geniculata

paxia_augusta

Leuctra_digitata
Leuctra_fusca
HEE— Leuctra_pseudohippopus

———— leuctra_elisabethae

i i g Leuctra_hippopus
Leuctra_andalusiaca
e Leuctra_hippopoides

Leuctra_inermis

Leuctra_nigra

Ss Leuctra_duplicata

Leuctra_alexanderi

Leuctra_sibleyi

T =3 Leuctra_sp
Leuctra_carolinensis

=TI Leuctra_grandis

Leuctra_biloba
= Leuctra_tenella
6, qLeuctra_tenuis

" Leuctra_ferruginea

Scopura_montana
I Taeniopteryx_parvula
37 Taeniopteryx_maura
+94—+3 Taeniopteryx_nebulosa
% Taeniopteryx_burski
Taeniopteryx_nivalis
40.48 Doddsia_occidentalis
| 09 Strophopteryx_appalachia
| | P ——="" Strophopteryx_fasciata
I = Rhabdiopteryx_acuminata
+22-63 ] — Oemopteryx_vanduzeea
! 262697 =" - Bolotoperla_rossi
— Brachyptera_vera
| 25 [ Taenionema_palladium

83 Taenionema_atlanticum
‘_ﬁ? “83Taenionema_pacificum
: r eni;)nema,uinta
— legaleuctra_stigmata
—_— Megaleuctra_kincaidi
Capnopsis_schilleri
24 T Paracapnia_opis
Paracapnia_angulata
=z Isocapnia_hyalita
Eucapnopsis_brevicauda
Nemocapnia_carolina
f golshecapnia,'sp
apnura_wanica
= —T 6o Capnia_bifrons
<=~ Zwicknia_ledoarei
Mesocapnia_arizonensis
L ocapnia_frisoni
ocapnia_sp
L e Apteroperla_tikumana
———————————————————  Allocapnia_minima
————  Allocapnia_maria

4236  — -Sé capnia_nivicola
3ﬁl‘;gcapniagaumra
368.46 4eAllocapnia_ohioensis
L =30 % “"“Allocapnia_rickeri
o4 Allocapnia_vivipara
d . Allocapnia_recta

4. apnia_frisoni
82 é capnia_curiosa

“Amphinemurinae”

Nemouridae

.54

Notonemouridae

eyjeubojoyny

Leuctridae Leuctrinae

Scopuridae

I Taeniopteryginae

Taeniopterygidae

Brachypterainae

Megaleuctridae

Capniidae

3. capnia_mystica

2f%écapniaﬁpygmaea

‘Aflocapnia_granulata

Utacapnia_columbiana

Capnia_vidua

Capnia_atra

= i/d Capnia_pygmaea

[ 39 .48 - Capnia_nigra

~—————————  Capnia_petila

Capnia_gracilaria

64 Arsapnia_coyote

4.69 “Arsapnia_arapahoe

—————  Capnia_nelsoni

L Capnia_nana

\ Capnia_coloradensis
- Utacapnia_logana

4 Capnia_vernalis

- Capnia_confusa

i

50.0

200 100 0
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==

I I I I I 1
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Leuctridae

e
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