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Background Divergence time analyses date the common
1) The insect superorder Neuropterida contains more than origin of extant Neuropterida in the middle of the

6,500 described species in three orders: Megaloptera, Carboniferous.
Neuroptera, and Raphidioptera. - s O v B ;
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2) Previous phylogenomic analyses of Neuropterida have —of———s 0 Hymenoptera
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resolve the persisting phylogenetic incongruencies. | :
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Dichrostigma flavipes

Ohmella baetica bolivari

Atlantoraphidia maculicollis

Xanthostigma gobicola

Puncha ratzeburgi

Venustoraphidia nigricollis

Neohermes sp.
' Chauliodes sp.

® 169 Corydalidae sp.
| Corydalus cornutus
— @168 4 Protohermes xanthodes
Protohermes grandis

Sialis lutaria

Sialis fuliginosa

Semidalis aleyrodiformis |
i
|
|

<04
<05

No. of assigned orthologs for the species analyzed

<08

eJajdoipiydey

<0.
<1.0

— 147

50

40

Corydalidae

30

No. of species

Sialidae

20
|

| @176 6 Conwentzia psociformis
+ E Coniopteryx pygmaea
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Nevrorthidae
Sisyridae
Osmylidae
Dilaridae

Coniopteryx sp.
Nevrorthus apatelios
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! Osmylus fulvicephalus
Dilar turcicus
Pseudomallada flavifrons flavifrons
Pseudomallada prasinus
Pseudomallada ventralis
Cunctochrysa albolineata
—@ 179 Chrysoperla carnea
Peyerimhoffina gracilis

Chrysopa perla .
Chrysopa dorsalis Ch rysopili dae

Fig. 1: a) Summarized results of the orthology asignment for all ingroup and outgroup taxa that P / 4% Cryeopa fomosa
were included in the analyses. b) Rectangular heatmap showing pairwise alignment completeness | ﬁi‘: éggi%%f%?'gmma
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scores for all species included in the analyzed supermatrix. Values closer to 1 indicate higher
completeness scores for the pairwise sequence comparisons. 253 species oBe
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Hypochrysa elegans
Mantispa styriaca
Eumantispa harmandi

Mantispidae

Berothidae

Mantispinae sp.
Podallea sp.
Nodalla sp.

Sympherobius pygmaeus
Sympherobius elegans
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Nymphidae
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Orlglnal data Permutation | Neuroptera M A Hemerobius nitidulus
® 221 Megalithone tillyardi
| ~ Polystoechotes punctatus

Hemerobius humulinus
Hemerobius marginatus
Norfolius howensis

Quartet-based analyses support Megaloptera +
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Neuroptera and Coniopterygidae as sister to all %6 epecies ﬁ e
Hemerobius pini
(a, b), (C, d) (a, b), (C, d) Wesmaelius concinnus
Nemoptera sinuata
. |_. & B Crocinae sp.
Hypothesis 1

Ascalaphidae

T
Ascalaphidae sp.
a) Raphidioptera Bootstrap support > ’—+_E o

Pseudimares aphrodite
b) Megalopte ra '3\° '000 w ® 100 % e 2—¢ Palpares libelluloides
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C) NeurOptera 0.0% 0.0% 95-99% L229 Moe;ztoleegn ritsemae .
d) Outgroups ® 85—-94 % Myrmeleon formicarius Myrmeleontldae

L 231 Macronemurus sp.
© 70-84 % E E Euroleon nostras
Distoleon tetragrammicus
Neuroleon sp.
Dendroleon pantherinus
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Hypothesis 2

a) Dilaridae+remaining (& b), (¢, d) (a,b), (c, d)
Neuroptera (without
Coniopterygidae)

b) Osmylidae 400 350 300 250 200 150 100 50 0

c) Sisyridae
d) Nevrorthidae - - -

§\° Q@_ 03\° Origin of Radiation of P-Tr Crisis Angiosperm K-Pg Crisis
0.0% ° ~ 0.0% trees seed plants radiation
Fig. 3: Phylogenetic relationships of Neuropterida based on the analyses of protein domain-based
0.0% 0.0% 53.6% 2.7% partitioned amino-acid sequence data (931,450 alignment sites). Colored circles depict phylogenetic
(3. d). (b, 0) (@, c), (b, d) (3, d). (b, ©) (@, c), (b, d) branch support values based on 100 bootstrap replicates. Bars on the individual nodes show the 95 %
confidence intervals (equal-tail Cl) of the posterior divergence time estimates. Insect photos from top

Hypothesis 3 to bottom: Dichrostigma flavipes, Sialis lutaria, Chrysopa perla (all photographs by O. Niehuis).
a) Megaloptera (a b), (c, d) (&, b), (c, d)

b) Coniopterygidae S umimnma I‘y

c) remaining Neuroptera

g Cemydac 1) Coniopterygidae are robustly inferred as sister to all other
d) Nevrorthidae 2 Neuroptera. This suggests that larval cryptonephry might be an
00% \ 0.0% apomorphic feature of Neuroptera.
o oo v S 2) The families Nymphidae, Nemopteridae, Ascalaphidae, and
(@ d). (b, ) @0, b.d)  (ad) b o) (@), (. d) Myrmeleontidae constitute a monophylum.
Fig. 2: Results of four-cluster likelihood mapping (FcLM) analyses for a selection of phylogenetic 3) The relationships Within Osmyloidea remain ambiguous.

hypotheses applied at the amino-acid sequence level. The first column shows the results of FcLM

when the original amino-acid supermatrix was analyzed. The second column shows the results 4) Some phylogenetic splits within Neuroptera are older than

of FcLM after phylogenetic signal had been eliminated from the amino-acid supermatrix

(i.e. permutation no. I). previously suggested.
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