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Additional figure S1: Ultrametric and time-calibrated tree of Apoidea estimated
using a relaxed molecular clock approach as implemented in MCMCtree. The node
ages, the mean (numbers) and the 95 % confidence intervals (bars) are shown. The
estimates are based on the analysis of 284,607 nucleotide sites and applying a
combination of protein domain - and codon-based partitioning scheme by modeling
1%, 2" and 3™ codon positions separately. We considered nine calibration points and
specified them as lower (minimal age) soft bounds. Numbers on nodes indicate fossil
calibration nodes (Supplementary table S9). Species marked by an asterisk (*)
indicate rogue taxa. Two asterisks (**) point to the misplaced species Ammatomus
sp. | and (*¥**) to the position of the Stenotritidae. Names according to the "Catalog of
Sphecidae senu lato" by Pulawski (2016).
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Additional figure S2.1: Phylogenetic relationships of Apoidea. The phylogenetic tree was inferred from analyzing
94,869 amino acid sites with ExaBayes (Aberer et al, 2014). The data matrix was partitioned based on a protein
domain-based partitioning scheme and analyzed with partition-specific substitution models automatically
selected by ExaBayes. Posterior probability values were inferred from a total of 13,500 sampled trees. Species
marked by an asterisk (*) indicate rogue taxa. Two asterisks (**) point to the misplaced species Ammatomus sp. |
and (***) to the position of the Stenotritidae. Names according to W. J. Pulawski’s “Catalog of Sphecidae sensu
lato”.



Tetragonula carbonaria
Bombus rupestris
Apis mellifera | -
Apis mellifera Il
Euglossa
Xylocopa violacea
— Ceratina chalybea
5. letraloniella nigriceps
Tetralonia malvae
Tetraloniella sp. .
o ucera syriaca
Eucera plumigera
Eucera nigrescens
h)/reus orbatus
Epeolus variegatus

)é syriacus
Nomada lathburiana

Stelis punctulatissima
Anthidium manicatum,
Coelioxys conoidea
Megachile willughbiella
Chelostoma florisomne
eriades truncorum
cornuta

cincta
urgus chrysurus
Ctenocolletes rufescens *#x
Colletes cunicularius

U
5stropha curvicornis .
ufourea dentiventris
mia di

Sphecodes albilabris

alictus quadricinctus
Lasioglossum xanthopus
Andrena vaga

93 C: acrum
Panurgus )
Melitta haemor
Macropis fulvipes —
asyp mmpegp .
,_'rAmmop,anus o Ammoplanina
m = Mllme%.‘a lutaria .
I i Psenini
91 senulus sp.
(o] fe paradg)t(,us Odontosphecini
Igmus sp. fami
100, Carinogtigmuspspv Stigmina
100 = o dPerpphredo? lugens
iodontus minutus i
- ojess Polemistus sp. Pemphredonina
Passaloecus eremita a o
Spilomena beata . Spilomenina
Cerceris arenaria » ..
Cerceris acanthophila Cercerini
e s
. ea i ini
69 " -~ “f%ﬁ/peadon e Aphilanthopini
seudoscolia sp. :
190 pseudoscolia Sinaitica. Pseudoscoliini
,_'ETrqchygus sp. Philanthini
F ilanthini
11 " philanthus triangulum a
- Dryudella sp.
90 Astata sp. |
99 Astata sp. |l Astatinae
100 Astata minor
Dryudella p/ngu(s .
Tooe, - otizus vespoides
wgtlzussti‘zglftﬁ'lflfiu,ga hae
Stizoides foxi Stizina
atus
inus s|
Stictiella sp. p, . L
Microstictia hurdi Stictiellina
Steniolia duplicata
77 Rubrica nasuta
Stictia heros
Selman notatus L.
Trichostictia sp. Bembicina
Microbembex sp.
- Blcgr‘tes ventralis
Bemglxhros_tra a 7
ecius spectabilis i
T S“pheciﬁs convallis Spheciina
93 Harpactus elegans
Gorytes albidulus
G Pslett{dqphtsus willcoxi
orytes laticinctus i
r}l/-loplisoiqes sp. Gorytina
Psammaecius versicolor
67 Aniqrytes Sp.
iogorytes sp. .
= Tanyoprymnus moneduloides * -
o5 Tanyoprymnus sp. 1 Spheciina
sp.
Heliocausus sp. : 1
Tiguipa sp. 2 ) Heliocausina
= F gyna nocticola * Heterogynaidae
o “=—— Brachystegus sp.
C b ini
A 2 Iiow Synnevrus sp. Nyssonini
Nysson’niger Didineis s
i ¥ ini
Alysson spi B Alyssontini
Mellinus arvensis Mellininae

Tachysphex sp.
_|L—Tachysphe})/( Ivitar%is
a

Gastrosericina

5d-arropsis sp. .
Prosopigastra nearctica
Lirissp. 1 .
Liris sp. Il Larrina
rra sp.
Lyroda sp.

5D -
Nitela sp. )
TrypoxylunTﬁguIUS, Jactit
- rypoxylon lactitarse ini
Pison atrum Trypoxylini
——— Pison sp.
istrio . Palarinj

Paranysson sp. . Miscophini
< Foxita bara ssp. patei | B

Foxita bara ssp. patei Il
Ectemnius sonorensis
w5 Lestica alata
Lestica clypeata

Miscophini

proctus sp. Il =

5 7 proctus sp. |
asyproctus sp. f
Crabro scg.):/éllatus 2 Crabronina
bro felt;nus

esticasp.
Crossocerus quadrimaculatus

Lindenius panzeri *

- Rhopalum clavipes
Moniaecera sp.
uexua sp.
Anacrabro sp.

sp. Anacrabronina
Oxybelus bipunctatus
P

@ |

: g L1 Belomicrus sp. O_xyb_ehm
Dinetus pictus Dinetinae

Palmodes sp. 0 Ff
almodes sp Prionychini

Prionyx kirbii

rionyx subatratus
Isodontia mexicana L.
; Sphex funerarius Il Sphecini
%phex funerarius |

Podalonia sp.
" C%odalonia hirsuta ,p
1

Ammophilinae
1 5 L|;|T°—Amr’ho_phila sp. i P
cyaniventri Stangeellini
hc.laﬂbfgrnlcuni

alybion sp. N
{“”c;aar;’ﬁbion sB. I Sceliphrini

ScehphnFJ’n curvgtum farmi
enepodium fumipenne e
D)‘Znatus burmeister: Podiini

Chion h_nAmmaromus Sp. | *x

lorion hirtum —
T Chlorion sp. Chloriontinae
mpulex compressa p—
= 00 o ,Azn‘;’)ulex fasglpa/ta Ampulicini
olichurus corniculus . =
L0 Dolichurus sp. Dolichurini
T Acromy echinatior

Ll Harpe thos saltator

~ mpilus cinereus
] L Sapyga ata outgroups

100 —— Smicromyrme rufipes

85 r—— Tiphia
e Scolia hirta
L= Colpa sexmaculata

Additional figure S2: Phylogenetic relationships of Apoidea. The phylogenetic tree was inferred
from analyzing 94,869 amino acid sites under the maximum likelihood (ML) optimality criterion.
The data matrix was partitioned based on a protein domain-based partitioning scheme and
analyzed with partition-specific substitution models. Node labels indicate bootstrap branch support
values derived from 150 bootstrap replicates. Species marked by an asterisk (*) indicate rogue
taxa. Two asterisks (**) point to the misplaced species Ammatomus sp. | and (***) to the position
of the Stenotritidae. Names according to W. J. Pulawski’'s “Catalog of Sphecidae sensu lato”.
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Additional figure S3.1: Phylogenetic relationships of Apoidea. The phylogenetic tree was inferred from analyzing
284.607 nucleotide sites with ExaBayes (Aberer et al., 2014). The data matrix was partitioned based on applying a
combination of protein domain - and codon-based partitioning scheme by modeling 1%t and 2™ codon positions
separately and excluding the 3™ codon positions. Each partition was analyzed with the partition-specific model
parameters under the nucleotide substitution model GTR+G. Posterior probability values were inferred from a total
of 13,500 sampled trees. Species marked by an asterisk (*) indicate rogue taxa. Two asterisks (**) point to the
misplaced species Ammatomus sp. | and (¥***) to the position of the Stenotritidae. Branch colours correspond to level
of support of monophyletic lineages. Names according to W. J. Pulawski’s “Catalog of Sphecidae sensu lato”.
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Additional figure S3: Phylogenetic relationships of Apoidea. The phylogenetic tree was
inferred from analyzing 284.607 nucleotide sites under the maximum likelihood (ML)
optimality criterion. The data matrix was partitioned based on applying a combination of
protein domain - and codon-based partitioning scheme by modeling 1%t and 2" codon
positions separately and excluding the 3™ codon positions. each partition was analyzed
with the partition-specific model parameters under the nucleotide substitution model GTR
+G. Node labels indicate bootstrap branch support values derived from 150 bootstrap
replicates. Species marked by an asterisk (*) indicate rogue taxa. Two asterisks (**) point
to the misplaced species Ammatomus sp. | and (***) to the position of the Stenotritidae.
Branch colours correspond to level of support of monophyletic lineages. Names according
to W. J. Pulawski’s “Catalog of Sphecidae sensu lato”



Stelis punctulatissima
Dioxys cincta

Normioides sp.

‘Sphecodes albilabris
Halictus quadicinctus
ioglossum.

Ammoplanina

Psenini

Odontosphecini
Stigmina
Pemphredonina

Spilomenina
Pseudoscoliini

Cercerini
Aphilanthopini
Philanthini

Spheciina

Gorytina

Bembicina

Stictiellina

Stizina

Spheciina

Heliocausina
2z . Heterogynaidae

Nyssonini

[Rafeese Alyssontini

~ Larropsis sp.
Prosopigasta nearctica

Gastrosericina

Liris sp. 11 Larrina

Miscophini

Trypoxylini

Forita bara ssp. patei|
Foxita bara ssp. pate I

Crabronina

Anacrabronina

Prionychini

Sphecini

Ammophilinae

Stangeellini

Sceliphrini

Podiini

Chloriontinae|

Astatinae|

outgroups

Additional figure S4.i2: Phylogenetic relationships of Apoidea. The phylogenetic tree inferred from analyzing 284.607
nucleotide sites with ExaBayes (Aberer et al., 2014). The data matrix was partitioned based on applying a combination of
protein domain - and codon-based partitioning scheme by modeling the 1%, 2" and 3™ codon position separately. Each
partition was analyzed with the partition-specific model parameters under the nucleotide substitution model GTR+G.
Posterior probability values were inferred from a total of 13,500 sampled trees. Species marked by an asterisk (*) indicate
rogue taxa. Two asterisks (**) point to the misplaced species Ammatomus sp. | and (***) to the position of the
Stenotritidae. Branch colors correspond to level of support of monophyletic lineages. Names according to W. J. Pulawski’s
“Catalog of Sphecidae sensu lato”.
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Additional figure S4: Phylogenetic relationships of Apoidea. The phylogenetic tree inferred
from analyzing 284.607 nucleotide sites under the maximum likelihood (ML) optimality
criterion. The data matrix was partitioned based on applying a combination of protein
domain - and codon-based partitioning scheme by modeling the 1%, 2" and 3™ codon
position separately. Each partition was analyzed with the partition-specific model parameters
under the nucleotide substitution model GTR+G. Node labels indicate bootstrap branch
support values derived from 100 bootstrap replicates. Species marked by an asterisk (*)
indicate rogue taxa. Two asterisks (**) point to the misplaced species Ammatomus sp. | and
(***) to the position of the Stenotritidae. Branch colors correspond to level of support of
monophyletic lineages. Names according to W. J. Pulawski’s “Catalog of Sphecidae sensu
lato”.
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Additional figure S5: MCMCtree convergence comparison of four independent
analyses. Pairwise comparison of the posterior means of divergence times
obtained from the approximate likelihood calculation. Node ages and 95 %
confidence intervals of four MCMCtree analysis replicates are plotted against
each other.



Additional figure S6: Bowker' matched-pairs test of symmetry. Heat maps showing the results from pairwise
comparison of aligned a) amino acid dataset and b) nucleotide dataset with all three codon positions included
(PF-NT-1,2,3). White cells specify p-values > 0.05, indicating that corresponding pairs of nucleotide sequences
do not violate the assumption of global stationary, reversibility, and homogeneity (SRH) conditions.



