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Figure S1: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the amino-acid supermatrix E. Colored circles
indicate branch support based on 10,000 SH-aLRT replicates.
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Figure S2: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned 
concatenated analysis of the amino-acid supermatrix E. Colored circles indicate TBE branch support based on 
100 non-parametric bootstrap replicates.
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Figure S3: Phylogenetic tree with the highest log-likelihood score 
that resulted from the partitioned concatenated analysis of the nucleotide supermatrix 
D-nt. Colored circles indicate branch support based on 100 non-parametric 
bootstrap replicates.
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Figure S4: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the nucleotide supermatrix 
D-nt. Colored circles indicate branch support based on 10,000 SH-aLRT replicates.
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Figure S5: Phylogenetic tree with the highest log-likelihood score 
that resulted from the partitioned concatenated analysis of the nucleotide supermatrix 
D-nt. Colored circles indicate TBE support based on 100 non-parametric bootstrap 
replicates.
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Figure S6: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the amino-acid supermatrix 
E (RCFV-corrected). Colored circles indicate branch support based on 10,000 SH-aLRT replicates.
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Figure S7: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the amino-acid supermatrix 
E (RCFV-corrected) when calculating UFB support. Colored circles indicate UFB support based on 1,000 replicates.



0.08

Corydalus_cornutus

Glossina_morsitans

Ctenocephalides_felis

Negha_sp

Stylops_melittae

Crocinae_sp

Raphidia_mediterranea

Ohmella_baetica_bolivari

Fibla_maclachlani

Nasonia_vitripennis

Puncha_ratzeburgi

Sympherobius_elegans

Osmylus_fulvicephalus

Chrysopa_dorsalis

Libelloides_macaronius

Macronemurus_sp

Aedes_aegypti

Micromus_variegatus

Sisyra_nigra

Dichrostigma_flavipes

Megalithone_tillyardi

Norfolius_howensis

Chrysotropia_ciliata

Pseudomallada_prasinus

Hypochrysa_elegans

Chrysopa_formosa

Harpegnathos_saltator

Polystoechotes_punctatus

Halter_nutans

Cotesia_vestalis

Hemerobius_handschini

Micromus_lanosus

Hydroptila_sp

Mantispinae_sp

Carabus_granulatus

Nodalla_sp

Turcoraphidia_amara

Peyerimhoffina_gracilis

Micromus_paganus

Neuroleon_sp

Xanthostigma_gobicola

Inocellia_japonica

Venustoraphidia_nigricollis

Megistoleon_ritsemae

Dyseriocrania_subpurpurella

Nemoptera_sinuata

Sisyra_terminalis

Drepanepteryx_phalaenoides

Coniopteryx_pygmaea

Lepicerus_sp

Myrmeleon_formicarius

Mantispa_styriaca

Anopheles_gambiae

Chrysopa_pallens

Solter_liber

Semidalis_aleyrodiformis

Chrysopa_perla

Distoleon_tetragrammicus

Phaeostigma_major

Tribolium_castaneum

Pseudomallada_ventralis

Parvoraphidia_microstigma

Sympherobius_pygmaeus
Chrysoperla_carnea

Hemerobius_marginatus

Nemophora_degeerella

Podallea_sp

Euroleon_nostras

Xenos_vesparum

Trichocera_saltator

Hemerobius_micans

Subilla_sp

Apis_mellifera

Panorpa_vulgaris

Megalomus_tortricoides

Ascalaphidae_sp

Dilar_turcicus

Zygaena_fausta

Wesmaelius_ravus

Pseudimares_aphrodite

Polyommatus_icarus

Conwentzia_psociformis

Wesmaelius_concinnus

Dendroleon_pantherinus

Sialis_lutaria

Aleochara_curtula

Subilla_confinis

Hemerobius_nitidulus

Sialis_fuliginosa

Inocellia_crassicornis

Protohermes_grandis

Chrysopa_phyllochroma

Palpares_libelluloides

Ornatoraphidia_flavilabris

Tenthredo_koehleri

Parides_eurimedes

Pseudomallada_flavifrons_flavifrons

Gyrinus_marinus

Hemerobius_stigma

Atlantoraphidia_maculicollis

Eumantispa_harmandi

Corydalidae_sp

Bubopsis_andromache

Hemerobius_pini

Chauliodes_sp

Ceratophyllus_gallinae

Nevrorthus_apatelios

Cunctochrysa_albolineata

Boreus_hyemalis

Agulla_sp
Mongoloraphidia_sororcula

Nineta_pallida
Suarius_sp

Protohermes_xanthodes

Hemerobius_humulinus

Neohermes_sp

Coniopteryx_sp

Meloe_violaceus

Phaeostigma_divina_divina

100 %
95–99%
80–94%
70–79%
55–69%

SH-aLRT support

Figure S8: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the amino-acid supermatrix 
E (decisive). Colored circles indicate branch support based on 10,000 SH-aLRT replicates.
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Figure S9: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the amino-acid supermatrix  E (decisive) when calculating 
UFB support. Colored circles indicate UFB support based on 1,000 replicates.
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Figure S10: Phylogenetic tree that resulted from the unpartitioned phylogenetic analysis of the amino-acid supermatrix E when using the site-heterogeneous PMSF 
mixture model (JTT+C60+F+G). 
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Figure S11: Phylogenetic tree that resulted from the unpartitioned phylogenetic analysis of the amino-acid supermatrix E-90 when using the site-heterogeneous 
PMSF mixture model (JTT+C60+F+G). 
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Figure S12: Phylogenetic tree that resulted from the unpartitioned phylogenetic analysis of the amino-acid supermatrix E-90 when using the site-heterogeneous 
PMSF mixture model (LG+C60+F+G). 
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Figure S13: Phylogenetic tree that resulted from the unpartitioned phylogenetic analysis of the amino-acid supermatrix E-95 when using the site-heterogeneous 
PMSF mixture model (JTT+C60+F+G). 
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Figure S14: Phylogenetic tree that resulted from the unpartitioned phylogenetic analysis of the amino-acid supermatrix E-95 when using the site-heterogeneous 
PMSF mixture model (LG+C60+F+G). 



2.0

Dyseriocrania_subpurpurella

Sisyra_nigra

Hemerobius_marginatus

Cotesia_vestalis

Palpares_libelluloides

Mantispa_styriaca

Crocinae_sp

Nevrorthus_apatelios

Dilar_turcicus

Pseudomallada_ventralis

Neuroleon_sp

Nemophora_degeerella

Libelloides_macaronius

Polyommatus_icarus

Hemerobius_handschini

Anopheles_gambiae

Peyerimhoffina_gracilis

Lepicerus_sp

Mantispinae_sp

Agulla_sp

Parvoraphidia_microstigma

Hemerobius_micans

Polystoechotes_punctatus

Subilla_sp

Protohermes_grandis

Glossina_morsitans

Venustoraphidia_nigricollis

Coniopteryx_sp

Sisyra_terminalis

Chauliodes_sp

Coniopteryx_pygmaea

Drepanepteryx_phalaenoides

Suarius_sp

Cunctochrysa_albolineata

Dichrostigma_flavipes

Xanthostigma_gobicola

Subilla_confinis

Parides_eurimedes

Micromus_variegatus

Nemoptera_sinuata

Neohermes_sp

Megistoleon_ritsemae

Megalomus_tortricoides

Raphidia_mediterranea

Dendroleon_pantherinus

Gyrinus_marinus

Hemerobius_nitidulus

Micromus_lanosus

Aleochara_curtula

Osmylus_fulvicephalus

Micromus_paganus

Bubopsis_andromache

Atlantoraphidia_maculicollis

Aedes_aegypti

Pseudomallada_flavifrons_flavifrons

Fibla_maclachlani

Podallea_sp

Semidalis_aleyrodiformis

Meloe_violaceus

Boreus_hyemalis

Ohmella_baetica_bolivari

Wesmaelius_ravus

Tribolium_castaneum

Inocellia_crassicornis

Chrysopa_dorsalis

Norfolius_howensis

Chrysopa_pallens

Euroleon_nostras

Sympherobius_elegans

Halter_nutans

Tenthredo_koehleri

Micropterix_calthella

Turcoraphidia_amara

Ascalaphidae_sp

Puncha_ratzeburgi

Ornatoraphidia_flavilabris

Harpegnathos_saltator
Apis_mellifera

Negha_sp

Macronemurus_sp

Wesmaelius_concinnus

Sialis_lutaria
Phaeostigma_major

Eumantispa_harmandi

Hemerobius_stigma

Mongoloraphidia_sororcula

Hypochrysa_elegans

Zygaena_fausta

Pseudomallada_prasinus

Nasonia_vitripennis

Panorpa_vulgaris

Ctenocephalides_felis

Stylops_melittae

Corydalus_cornutus

Conwentzia_psociformis

Chrysopa_formosa

Trichocera_saltator

Xenos_vesparum

Phaeostigma_divina_divina

Pseudimares_aphrodite

Chrysoperla_carnea

Solter_liber

Sialis_fuliginosa

Nodalla_sp

Myrmeleon_formicarius

Corydalidae_sp

Nineta_pallida

Chrysopa_phyllochroma

Ceratophyllus_gallinae

Carabus_granulatus

Hydroptila_sp

Mengenilla_moldrzyki

Inocellia_japonica

Protohermes_xanthodes

Chrysopa_perla

Hemerobius_humulinus

Sympherobius_pygmaeus

Hemerobius_pini

Megalithone_tillyardi

Distoleon_tetragrammicus

Chrysotropia_ciliata

28

66

69

100

93

38

6

103

10

85

74

50

112

117

114

53

12

107

102

88

7

96

59

104

14

78

5

79

16

92

62

70

65

22

54

113

110

37

82

4

40

57

33

56

118

32

89

101
105

77

15

46

17

76

98

52

43

68

39

29

106

34

72

115

61

91

24

90

64

97

1

25

45

27

18

63

31

38

49

20

108

36

48

35

13

81

87

116

86

30

109

11

26

67

3

21

47

2

55

42

99

9

73

51

94

19

111

75

23

80

83

95

44

8

58

41

71

84

60

Figure S15: Phylogenetic tree that resulted from the species-tree analysis with ASTRAL when analyzing the gene trees of the amino-acid supermatrix G (see Fig. 2a). 
Values on branches correspond to the branch numbers in Table S16. All the different coalescent-based branch statistics are given in Table S16.
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Figure S17: Phylogenetic tree that resulted from the species tree analysis with ASTRAL when analyzing the gene trees of the amino-acid supermatrix H. Values on 
branches correspond to the branch numbers in Table S18. All the different coalescent-based branch statistitics are given in Table S18.
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Figure S18: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the amino-acid supermatrix G when calculating 
UFB support. Colored circles indicate UFB support based on 1,000 replicates.
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Figure S19: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the amino-acid supermatrix G. Colored circles
indicate branch support based on 10,000 SH-aLRT replicates.
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Figure S20: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the amino-acid supermatrix H when calculating 
UFB support. Colored circles indicate UFB support based on 1,000 replicates.
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Figure S21: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the amino-acid supermatrix H. Colored circles
 indicate branch support based on 10,000 SH-aLRT replicates.
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Figure S22: Phylogenetic tree that resulted from the species tree analysis with ASTRAL when analyzing the gene trees 
of the nucleotide supermatrix G-nt. Pie charts on branches show quartet support (q1, q2, q3) calculated with ASTRAL.
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Figure S23: Phylogenetic tree that resulted from the species tree analysis with ASTRAL when analyzing the gene trees of the nucleotide supermatrix G-nt. Values on 
branches correspond to the branch numbers in Table S17. All the different coalescent-based branch statistitics are given in Table S17.
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Figure S24: Phylogenetic tree that resulted from the species tree analysis with ASTRAL when analyzing the gene trees of the nucleotide 
supermatrix H-nt. Pie charts on branches show quartet support (q1, q2, q3) calculated with ASTRAL.
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Figure S25: Phylogenetic tree that resulted from the species tree analysis with ASTRAL when analyzing the gene trees of the amino-acid supermatrix H-nt. Values on 
branches correspond to the branch numbers in Table S19. All the different coalescent-based branch statistics are given in Table S19.
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Figure S26: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the nucleotide supermatrix G-nt when calculating 
UFB support. Colored circles indicate UFB support based on 1,000 replicates.
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Figure S27: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the nucleotide supermatrix G-nt. 
Colored circles indicate branch support based on 10,000 SH-aLRT replicates.
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Figure S28: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the nucleotide supermatrix 
H-nt when calculating UFB support. Colored circles indicate UFB support based on 1,000 replicates.
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Figure S29: Phylogenetic tree with the highest log-likelihood score that resulted from the partitioned concatenated analysis of the nucleotide supermatrix H-nt . 
Colored circles indicate branch support based on 10,000 SH-aLRT replicates.
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including the full set of fossil calibrations.
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Figure S33: Summarized results of 10,000 stochastic character maps under the 

ER model for the topology and branch lenghts of the coalescent-based species 

tree of Fig. 2a (note that the larva of Lepicerus sp. was coded as terrestrial). 

Colored circles at the tips show the coded state for each species. Pie charts on 

internal tree nodes show posterior probabilities of states at the nodes.
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Figure S34: Summarized results of 10,000 stochastic character maps under the 

ARD model for the coalescent-based species tree of Fig. 2a (note that the larva of 

Lepicerus sp. was coded as aquatic). Colored circles at the tips show the coded 

state for each species. Pie charts on internal tree nodes show posterior probabilities 

of states at the nodes.
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Figure S35: Rectangular Alistat heatmap showing pairwise alignment completeness scores for all species included 
in supermatrix A. Values closer to 1 indicate higher completeness scores for the pairwise sequence comparisons.
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Figure S36: Rectangular Alistat heatmap showing pairwise alignment completeness scores for all species included 
in supermatrix B. Values closer to 1 indicate higher completeness scores for the pairwise sequence comparisons.
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Figure S37: Rectangular Alistat heatmap showing pairwise alignment completeness scores for all species included 
in supermatrix C. Values closer to 1 indicate higher completeness scores for the pairwise sequence comparisons.
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Figure S38: Rectangular Alistat heatmap showing pairwise alignment completeness scores for all species included 
in supermatrix D. Values closer to 1 indicate higher completeness scores for the pairwise sequence comparisons.
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Figure S39: Rectangular Alistat heatmap showing pairwise alignment completeness scores for all species included 
in supermatrix E. Values closer to 1 indicate higher completeness scores for the pairwise sequence comparisons.
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Figure S40: Rectangular Alistat heatmap showing pairwise alignment completeness scores for all species included 
in supermatrix F. Values closer to 1 indicate higher completeness scores for the pairwise sequence comparisons.
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Figure S41: Rectangular Alistat heatmap showing pairwise alignment completeness scores for all species included 
in the RCFV-corrected version of supermatrix E. Values closer to 1 indicate higher completeness scores for the pairwise 
sequence comparisons.
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Figure S42: Alistat heatmap showing pairwise alignment completeness scores for all species included 
in the decisive version of supermatrix E. Values closer to 1 indicate higher completeness scores for the pairwise 
sequence comparisons.
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Figure S43: Rectangular Alistat heatmap showing pairwise alignment completeness scores for all species included 
in supermatrix D-nt. Values closer to 1 indicate higher completeness scores for the pairwise sequence comparisons.
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Figure S44: Full rectangular heat map calculated with SymTest showing p-values for the pairwise Bowker's tests in 
supermatrix A. Darker boxes indicate lower p-values and thus larger deviation from evolution under SRH conditions.
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Figure S45: Full rectangular heat map calculated with SymTest showing p-values for the pairwise Bowker's tests in 
supermatrix B. Darker boxes indicate lower p-values and thus larger deviation from evolution under SRH conditions.
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Figure S46: Full rectangular heat map calculated with SymTest showing p-values for the pairwise Bowker's tests in 
supermatrix C. Darker boxes indicate lower p-values and thus larger deviation from evolution under SRH conditions.
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Figure S47: Full rectangular heat map calculated with SymTest showing p-values for the pairwise Bowker's tests in 
supermatrix D. Darker boxes indicate lower p-values and thus larger deviation from evolution under SRH conditions.
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Figure S48: Full rectangular heat map calculated with SymTest showing p-values for the pairwise Bowker's tests in 
supermatrix E. Darker boxes indicate lower p-values and thus larger deviation from evolution under SRH conditions.
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Figure S49: Full rectangular heat map calculated with SymTest showing p-values for the pairwise Bowker's tests in 
supermatrix F. Darker boxes indicate lower p-values and thus larger deviation from evolution under SRH conditions.
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 Figure S50: Full rectangular heat map calculated with SymTest showing p-values for the pairwise Bowker's tests in 
in the RCFV-corrected version of supermatrix E. Darker boxes indicate lower p-values and thus larger deviation from evolution 
under SRH conditions.
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Figure S51: Full rectangular heat map calculated with SymTest showing p-values for the pairwise Bowker's tests in 
in the decisive version of supermatrix E (supermatrix E-decisive). Darker boxes indicate lower p-values and thus larger deviation
from evolution under SRH conditions.
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Figure S52: Full rectangular heat map calculated with SymTest showing p-values for the pairwise Bowker's tests when 
considering only the first codon positions in the corresponding nucleotide matrix of supermatrix D. Darker boxes indicate lower p-values and 
thus larger deviation from evolution under SRH conditions.
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Figure S53: Full rectangular heat map calculated with SymTest showing p-values for the pairwise Bowker's tests when 
considering only the second codon positions in the corresponding nucleotide matrix of supermatrix D. Darker boxes indicate lower p-values 
and thus larger deviation from evolution under SRH conditions.
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Figure S54: Full rectangular heat map calculated with SymTest showing p-values for the pairwise Bowker's tests when 
considering only the third codon positions in corresponding nucleotide matrix of supermatrix D. Darker boxes indicate lower p-values and thus 
larger deviation from evolution under SRH conditions.
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Figure S55: Cladogram showing the phylogenetic relationships that resulted from the analysis of
supermatrix E. Values on nodes correspond to the node number IDs in Tables S11–S15. 
Time calibrated nodes are shown in red. The numbers of the calibrated nodes correspond to the numbers of the 
fossils in Table S8 and in Figure 1 of the main text.
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Figure S56: Scatter plot of the mean posterior node age estimates plotted against the 95 % higher posterior 
density CI-width of each node. The results from the first run with the approximate likelihood method and by including all 
fossil calibrations are plotted in blue. The results from the run without using the data (marginal prior) are plotted in red.


