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Fig. S1 Photographs of †Sirenobethylus charybdis sp. nov., holotype (specimen CNU-HYM-MA2015124) female. A Dorsal view. B Ventral view. C Wing venation. D The tip of abdomen and sting in dorsal view. E The tip of abdomen and sting (black arrows) in lateral view. F The tip of abdomen and sting in ventral view. Scale bars: A, B 0.5 mm; C–F 0.2 mm.
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Fig. S2 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015118) female. A Dorsal view. B Line drawing of dorsal view. C Lateral view. D Head in ventral view. E The tip of abdomen and sting sheaths (black arrows) in lateral view. Scale bars: A–C 0.5 mm; D, E 0.2 mm.
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Fig. S3 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015119) female. A Dorsal view. B Hind wing hamuli. C Ventral view. D Mesosoma in dorsal view. E Hind leg in ventral view. F The tip of abdomen and sting in posterior view. Scale bars: A, C 0.5 mm; D–F 0.2 mm; B 0.1 mm.
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Fig. S4 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015120) female. A Dorsal view. B Ventral view. C Lateral view. D Forewing venation. E The tip of abdomen and sting in lateral view. Scale bars: A–C 0.5 mm; D, E 0.2 mm.
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Fig. S5 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015121) female. A Dorsal view. B Ventral view. C Lateral view. D The tip of abdomen and sting in dorsal view. E The tip of abdomen and sting in ventral view. F The tip of abdomen and sting in lateral view. Scale bars: A–C 0.5 mm; D–F 0.3 mm.
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Fig. S6 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015122) female. A Dorsal view. B Ventral view. C Head in ventral view, showing mandibles (black arrows). D Mesosoma in ventral view. E The tip of abdomen and sting in dorsal view. F The tip of abdomen and sting in posterior view. Scale bars: A, B 0.5 mm; C–F 0.2 mm.
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Fig. S7 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015123) female. A Dorsal view. B Ventral view. C The abdomen and sting in dorsal view, showing transverse line (blue arrow). D The abdomen and sting in ventral view, showing transverse line (blue arrow). Scale bars: A, B 0.5 mm; C, D 0.2 mm. Abbreviations: T2–T7 tergum 2–tergum 7; S2–S7 sternum 2 –sternum 7.
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Fig. S8 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015125) female. A Lateral view. B Ventral view. C Head in ventral view. D Mesosoma in ventral view. E Hind wing venation. F The tip of abdomen and sting in dorsal view. G The tip of abdomen and sting in lateral view. Scale bars: A, B 1 mm; D, E 0.3 mm; C, F, G 0.2 mm.
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Fig. S9 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015126) female. A Dorsal view. B Ventral view. C Mesosoma in dorsal view. D Hind wing hamuli. E The tip of abdomen and sting in dorsal view. F The tip of abdomen and sting in lateral view. G The tip of abdomen and sting in ventral view. Scale bars: A, B 0.5 mm; E 0.3 mm; C, F, G 0.2 mm; D 0.1 mm.
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Fig. S10 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015127) female. A Dorsal view. B Head in dorsal view. C Ventral view. D The tip of abdomen and sting in lateral view. Scale bars: A, C 0.5 mm; B, D 0.2 mm.
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Fig. S11 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015128) female. A Dorsal view. B Ventral view. C Hind leg in lateral view. D The tip of abdomen and sting in dorsal view. E The tip of abdomen and sting in lateral view. Scale bars: A, B 0.5 mm; C–E 0.2 mm.
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Fig. S12 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015129) female. A Dorsal view. B Ventral view. C Lateral view. D Head in lateral view. E Mesosoma in dorsal view, showing notauli (black arrows) and transscutal articulation (white arrows). F Mesosoma in ventral view. G Wing venation as preserved. H The tip of abdomen and sting in lateral view. Scale bars: A–C 0.5 mm; D–H 0.2 mm.
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Fig. S13 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015130) female. A Dorsal view. B Ventral view. C The tip of abdomen and sting in posterior view. D The tip of abdomen and sting in lateral view. Scale bars: A, B 0.5 mm; C, D 0.2 mm.
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Fig. S14 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015131) female. A Dorsal view. B Lateral view. C Head in dorsal view. D Abdomen in ventral view, showing transverse line (black arrows). E The tip of abdomen and sting in dorsal view. Scale bars: A, B 0.5 mm; C–E 0.2 mm.
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Fig. S15 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015132) female. A Dorsal view. B Ventral view. C Right antenna. D Mesosoma in dorsal view. E The tip of abdomen and sting in dorsal view. F The tip of abdomen and sting in lateral view. G The tip of abdomen and sting in posterior view. H The tip of abdomen and sting in ventral view. Scale bars: A, B 0.5 mm; C–H 0.2 mm.
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Fig. S16 Photographs of †Sirenobethylus charybdis sp. nov., paratype (specimen CNU-HYM-MA2015133) female. A Dorsal view. B Ventral view. C Head in ventral view. D Wing venation as preserved. E The tip of abdomen and sting in dorsal view. F Abdomen in ventral view. Scale bars: A, B 0.5 mm; C–F 0.2 mm.
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Fig. S17 Halfcompat tree based on morphological characters in Bayesian analyses. The numbers on the branch nodes are posterior probability.
Dataset S1. Systematic paleontology
Order Hymenoptera Linnaeus, 1758

Infraorder Aculeata Latreille, 1802 

Superfamily Chrysidoidea Latreille, 1802

Family †Sirenobethylidae Wu, Vilhelmsen & Gao fam. nov.

Type genus. †Sirenobethylus Wu, Vilhelmsen & Gao gen. nov.

Type species. †Sirenobethylus charybdis Wu, Vilhelmsen & Gao sp. nov.

Description [composite] (Figs. S1–S16)
Total body length ranges from 4.25mm to 7.48mm, excluding antennae.

Head: hypognathous; apparently shorter than wide, with minute setae; compound eye oval, occupying much of lateral surface of the head, compound eye broader than gena (Fig. S12D); ocelli closer to each other than to compound eyes, and lateral ocelli separated from median ocellus by more than ocellar diameter, lateral ocelli larger than median ocellus (Fig. S14C); occipital carina distinct dorsally and laterally, continuous ventrally except for small incision medially, crenulate, occiput concave; gena prominent laterally; antennal sockets simple, situated in depression, apparently close to dorsal margin of clypeus; clypeus projecting between mandibular bases and acute (Fig. S8C), slightly convex in lateral view. Scape with distinct globular radicle separated from broadened rest of scape by short, slender stalk, scape longer than first flagellomere; pedicel short. Mandible slender, elongate, curved, slightly expanding distally, with four apical teeth along truncate apical margin (Fig. S6C), slightly overlap medially when closed. Maxillary palpus slender, with four segments, apically with short setae; labial palpus short, with three segments, apical with minute setae.

Mesosoma: ovate, longer than wide, most parts smooth with weak punctation. Pronotum delimited posteriorly by strong transverse carina; anterior margin of pronotum forming a broad, forward-projecting lamella, which fits in occipital concavity; lateroventral margin of pronotum forming distinct collar, overlapping propleuron laterally; pronotal lobe prominent, situated at laterodorsal corner or pronotum, anterior thoracic spiracle not visible; posterior margin of pronotum straight, closely abutting/fused with mesopleuron. Mesoscutum shorter than wide, moderately convex; median mesoscutal sulcus present; notaulus distinct (Fig. S12E), anteriorly curving medially, posteriorly running parallel, not reaching transscutal articulation posteriorly; parapsides extend forward form narrow transscutal articulation, not reaching pronotum; mesoscuto-scutellar sulcus slightly curved, distinct, deep, not crenulate, axillae slender triangles, continuous medially; mesoscutellum shorter than mesoscutum, slightly convex; tegula slightly convex. Mesopleuron large and convex, anterior margin raised into broad carina, carina posteriorly delimited by distinct groove; mesopleuron with unpaired median longitudinal depression ventrally; meso-metapleural suture narrow line not accentuated by sculpture, almost straight. Metanotum narrow curved strip; metapleuron ventrally with two large foveae. Propodeum shorter than mesoscutum, with dorsal surface level, medially with depression, posteriorly delimited by anterior transverse carina, carina laterally terminating in prominent propodeal spines; posterior surface of propodeum vertical, subdivided by median longitudinal carina extending ventrally from anterior transverse carinae; lateral longitudinal carinae extend ventrally from propodeal spines towards hind coxae, curving medially. Legs with numerous minute setae; fore coxae abutting (Fig. S12F); mid and hind coxae slightly separated; legs with distinct trochantellus; hind femur moderately wider than fore and mid femur; tibial spur formula 1-2-2, inner spur slightly longer than outer; basitarsus longest, but shorter than combined length of remaining tarsomeres; each tarsomeres with at least 4-5 spines apically; claws elongate, without basal lobe, short subapical tooth well separate from distal tooth; arolia small, shorter than claws (Fig. S3E).

Wings: Forewing broad, with eight closed cells (Fig. S12G). Forewing length ranges from 2.35 mm to 3.94 mm. Costal cell well developed, narrow. Pterostigma large, longer than wide, entirely sclerotized. Rs reach anterior margin of wing; 1Rs present, slightly curved, shorter than length of 1M; Rs+M almost straight; Rs between 2Rs and 2r-m almost equal with 2r-rs, distinctly shorter than apical segment of Rs; marginal cell apex acute; first discal cell shorter than sub-basal cell; 1m-cu entering second submarginal cell opposite 2Rs; Rs elongate; 2r-rs arising in apical two thirds of pterostigma, shorter than 1Rs; 2Rs angled; 2r-m distinctly curved; vein M spectral distal to 2r-m, not reaching wing margin; 1cu-a curved, inserted at junction of M and Cu; 1Cu curved, longer than 1cu-a; 1Cu and 2Cu almost equal; 3Cu distinctly present, not reaching wing margin; vein A almost reaching wing margin. Hind wing with two closed cells; length ranges from 1.82 mm to 3.52 mm; hind wing with three to seven hamuli, situated distal to divergence between Rs and R1 (Fig. S3B); Rs and M sections tubular distal of r-m, extending as nebulous vein; M longer than Rs; vein A distinctly present. Jugal lobe absent.

Abdomen: abdomen sessile, integument generally smooth, with scattered, short, appressed setae. Anterior abdomen (segments 2-6/5): Abdominal tergum 2 long and broad, with deep depression anteromedially around articulation point with mesosoma; lateral margins curve sharply laterally, anterolateral corners pointed, distinct carina extends posteriorly from corners, delimiting lateroventral parts of tergum, not reaching posterior margin; abdominal sternum 2 constricted anteriorly, curves sharply laterally, anteriorly with slight depressions accommodating hind coxae, laterally and posteriorly overlapped by tergum 2. Abdominal tergum 3 rectangular, broader than long, broadest of all abdominal terga, with slender transverse line (Fig. 2C) approx. 1/3 from anterior margin, line not reaching lateral margin (Fig. S7C and D); abdominal sternum 3 trapezoid, broader than long, broadest posteriorly, broadest of all abdominal sterna, with transverse line just over 1/3 from anterior margin, line curves posteriorly laterally, not reaching lateral margin of sternum. Abdominal terga 4, 5 and 6 much wider than long, progressively narrowing posteriorly, with incurved posterior margin, tergum 6 overlapping tergum 7 basally; abdominal sternums 4 and 5 much wider than long, progressively narrowing posteriorly, with slightly convex posterior margin. Posterior abdomen (segments 7/6-): posterior abdomen heavily modified into complex composite structure forming three superimposed horizontal flaps; sting apparatus situated between dorsal and mid flap, sting shaft slender, often extensively extruded, sting sheaths shorter and broader (Fig. S2E), but still project well beyond middle flap. Dorsal flap consists of elongate, tongue-shaped abdominal tergum 7 with parallel lateral margins and rounded posterior margin. Middle flap consist of sternum 7; broad, extending laterally far beyond dorsal flap and extensively membranous; middle flap reinforced along lateral and posterior margin by narrow sclerotized bars; median bar unpaired, with indentation medially accommodating sting shaft, bar anteriorly apparently connected to more weakly sclerotized elements extending forward into gap between middle and ventral flap; lateral bars apparently connected to proximal parts of sternum 7, curve posteromedially to overlap but not fuse with median bar (Fig. 2B); extensive membranous area between median and lateral bars (Fig. S1D). Ventral flap consists of abdominal sternum 6; anterior part of sternum 6 comparatively narrow, inserted between preceding sterna, internal anterolateral corners observed to terminate in short rounded apodemes; posterior part of sternum 6 expanded, paddle-shaped, extending lateral and posterior to dorsal and middle flaps; posterior margin rounded and heavily inflected, 10-12 very elongate setae (almost as long as paddle-shaped part of sternum 6) extending well posterior to abdomen; inflected posterior margin of sternum 6 broad, delimits extended depression anteriorly, majority of depression occupied by brush of coarse setae, setae becoming progressively longer anteriorly, anterior most part of depression devoid of setae, and our CT scan results show an internal extension of S6 in the abdomen (Fig. 2). Specimens preserved differently reveal ventral flap in particular to be highly mobile, in some cases with the ventral flap appressed closely against the middle and dorsal flap with membranous areas of middle flap bulging upwards, in other cases with ventral flap extended ventrally to expose the coarse setal brush and wide gap between middle and ventral flaps (Fig. 3E–H). 

Comments

The 16 specimens examined are all female; they have subtle differences. However, we consider these variations to be intraspecific and consider the entire sample to belong to the same species. All measurements are available in the Additional file 2: Table S1.
Holotype: CNU-HYM-MA-2015124 (Fig. S1)
Well-preserved, clearly visible (Fig. S1A and B). Antennae curve to the right in the dorsal view; lateral ocelli larger than median ocellus. Mandible, maxillary palps and labial palps covered with filamentous substance. Mesosoma intact, clearly visible. Fore, mid, and hind legs not fully extended; tibial spurs, claws, and tarsomere observable. Forewing 3Cu not distinctly apparent, hind wing with six hamuli. Abdomen slightly vague, while abdomen still visible. Abdomen generally smooth, with few constrictions. The 6th (sixth) and 7th (seventh) abdominal segments well-preserved; abdominal maw closed (Fig. 1C). The long trap hairs on the 6th sternum, the middle sternum of 7th membranous; sting sheath under the tergum 7th fully visible.
Paratype: CNU-HYM-MA-2015118 (Fig. S2)
Relatively well-preserved, with diffraction planes and some air bubbles. Antennae clearly observed; head partially obstructed by diffraction plane in dorsal view (Fig. S2A); mandibles closed (Fig. S2D). Mesoscutum and mesoscutellum clearly visible; mesosoma partially obscured by air bubbles. Propodeum blurred. The fore coxae obscured by air bubbles; hind tarsomeres partially absent. Wings folded and surrounded by diffraction plane. Forewing 3Cu distinctly present, not reaching wing margin; vein A almost reaching wing margin. Hind wings are difficult to observe, with six hamuli. The second six abdominal terga covered by wings and diffraction plane; the 6th and 7th of abdominal segments clearly visible, abdominal maw slightly open. Good lateral view of tip of abdomen and sting (Fig. S2E); the 6th sternum has many thick spines in the dorsal view; an air bubble in the 6th sternum base in the ventral view.

Paratype: CNU-HYM-MA-2015119 (Fig. S3)
Well-preserved, with some grit in matrix. Antennae slightly extended; head clearly visible, with the ocelli distinctly visible; a filamentous substance next to the left mandible in the ventral view. The dorsal, lateral, and ventral views of the mesosoma are all clearly visible. The fore, mid, and hind legs are all intact. Wings folded, with a small portion covering the dorsal terga of the abdomen. Forewing 3Cu weakly present as tubular vein; hind wing with six hamuli (Fig. S3B). The dorsal and ventral views of the abdomen both clearly visible. Lower abdominal flap closely appressed to middle+dorsal flap (Fig. S3F).

Paratype: CNU-HYM-MA-2015120 (Fig. S4)
Not very well-preserved, with many air bubbles, diffraction planes and some grit inside piece (Fig. S4A). Only the right antenna visible in dorsal view, left antenna only has scape preserved. Head slightly blurred, the mouthparts clearly observed. Mesosoma covered with many air bubbles and slightly blurred in dorsal view; diffraction planes on the lateral view of the mesosoma. Fore, mid, and hind legs well-preserved. The right forewing slightly crushed, forewing 3Cu distinctly present, reaching wing margin; vein A almost reaching edge of membrane. The right hind wing crushed, with five hamuli. The left forewing and hindwing both absent. Small diffraction planes on the lateral sides of the Second three abdominal segments. Lower abdominal flap closely appressed to middle+dorsal flap (Fig. S4E).
Paratype: CNU-HYM-MA-2015121 (Fig. S5)
Relatively well-preserved, with some diffraction planes and few air bubbles (Fig. S5A). Antenna clearly seen in dorsal view (Fig. S5A). The median ocellus is larger than the lateral ocelli. Mouthparts obscured and slightly blurry. Several air bubbles and slight diffraction on mesosoma in the lateral view. Legs visible. Wings folded, veins in lighter color. Hind wings with six hamuli. Second six abdominal segments clearly visible, the 6th and 7th abdominal segments partially obscured by diffraction planes in the dorsal view. Lower abdominal flap closely appressed to middle+dorsal flap (Fig. S5F).

Paratype: CNU-HYM-MA-2015122 (Fig. S6)
Well-preserved, with some diffraction planes and some grit. Antennae clearly observed in dorsal view, the head blurred, mouthparts clear (Fig. S6C), median ocellus larger than lateral ocelli. Pronotum covered by diffraction plane in the dorsal view; mesonotum slightly clearly, surrounded by diffraction plane. Propodeum blurred in the dorsal view. Legs with slender tarsomeres. Wings intact; forewing 3Cu reaching wing margin; hind wing with three hamuli. Abdomen blurred. Forewings and diffraction plane cover the first five terga, the 6th and 7th abdominal segments are visible in the dorsal view. Lower abdominal flap extended, 'trap hairs' well preserved, with a partially missing sting (Fig. S6E).

Paratype: CNU-HYM-MA-2015123 (Fig. S7)
Incomplete, with many air bubbles and grit. Anterior part of body partly obscured by bubbles. Antennae partial absent; the ocelli mixed with the bubbles, difficult to distinguish in dorsal view; the mouthparts not observed in ventral view. Mesosoma clearly seen in dorsal, lateral and ventral views. Legs incomplete, tarsomere segments partial absent in the fore, mid and hind legs. Wings absent (Fig. S7A). Abdomen well exposed in the dorsal, lateral and ventral views (Fig. S7C and D). Lower abdominal flap closely appressed to middle+dorsal flap.

Paratype: CNU-HYM-MA-2015125 (Fig. S8)
Well-preserved, with many diffraction planes. Anterior body not well observable, covered by diffraction plane in the dorsal view. Pronotum covered by diffraction plane. Legs intact and visible. Wings well preserved, forewing A vein reaching edge of membrane. Hind wing with six hamuli. Abdomen clearly observed in lateral view. Mouthpart, mesosoma, legs and abdomen clearly visible in the ventral view. Mesosternum with two muscle attachment sites (Fig. S8D). Abdomen well exposed laterally from both sides. Lower abdominal flap slightly extended, the sting intact.

Paratype: CNU-HYM-MA-2015126 (Fig. S9)
Slightly incomplete. Well exposed in dorsal view; only the left antenna visible in dorsal view, the right antenna occluded. Head, mesosoma, wings and abdomen all clearly observed; mesopleuron occluded in lateral view. Hind wing with seven hamuli (Fig. S9D). Fore and mid legs occluded. Abdomen clearly observed in lateral view. Mouthpart and scape blurred. Prosternum, fore and mid coxae occluded in the ventral view. Lower abdominal flap closely appressed to middle+dorsal flap.
Paratype: CNU-HYM-MA-2015127 (Fig. S10)
Reasonably well preserved, with numerous air bubbles. Antennae intact and visible, the ocelli inconspicuous in the dorsal view. The mesonotum slightly occluded. Wings folded, wing veins visible. Hind wing with five hamuli. The first five terga clearly observed, while the 6th and 7th terga covered by a large air bubble (Fig. S10A). Good lateral and ventral view of mouthparts, mesosoma and abdomen. Lower abdominal flap widely extended (Fig. S10D).
Paratype: CNU-HYM-MA-2015128 (Fig. S11)
Shrivelled, poorly preserved specimen. Only the right antenna well-preserved, the left antenna absents in the dorsal view. Parts of the head occluded, neck elongate. The mesonotum slightly occluded. Legs complete (Fig. S11C). Wings relatively large, with clear venation. Hind wing with seven hamuli. Abdomen slightly shriveled. Head shriveled in the lateral view. Mouthparts blurred in the ventral view, legs clear. Lower abdominal flap slightly extended (Fig. S11E).

Paratype: CNU-HYM-MA-2015129 (Fig. S12)
Relatively well-preserved. The last flagellum absents in the left antenna in the dorsal view, while the right antenna complete (Fig. S12A). Head clear, with smaller ocelli. The mesosoma intact. Left forewing slightly damaged, while the right wing relatively intact. Forewing 3Cu not reaching wing margin; hind wing particularly well preserved. Hind wing with seven hamuli (Fig. S12G). The left forewing covers some of the terga, except the 7th tergum. Good lateral and ventral view in mesosoma and abdomen. Lower abdominal flap well extended, trigger hairs well preserved.

Paratype: CNU-HYM-MA-2015130 (Fig. S13)
Poorly preserved, partly crushed/disarticulated. Head and mesosoma crushed in the dorsal view; mouthparts invisible. Forewing slightly crushed; hind wing with seven hamuli. Abdomen slightly crushed. Legs well-preserved in the ventral view. Lower abdominal flap well extended (Fig. S13C). 

Paratype: CNU-HYM-MA-2015131 (Fig. S14)
Almost complete, with some minor diffractions. Head and mesosoma are entwined with filamentous material in the dorsal view. Right antennae present, the left incomplete. Mouthpart vague. Median ocellus larger than lateral ocelli (Fig. S14C). Mesosoma well-preserved. Wings folded, Hind wing hamuli absent. Legs complete. Abdomen visible. Good view of mesosoma dorsally and abdomen laterally and ventrally (Fig. S14D). Lower abdominal flap closely appressed to middle+dorsal flap.

Paratype: CNU-HYM-MA-2015132 (Fig. S15)
Relatively well-preserved with small diffraction and much grit. Antennae slightly vague (Fig. S15C), and ocelli visible in the dorsal view. Mesosoma and abdomen complete. Wings crushed, hind wing with four hamuli. Head clear, while the mesosoma and abdomen slightly blurred in the lateral view. The tarsomere slightly slender. Mouthpart slightly clear, and mesosoma and abdomen well-preserved in ventral view. Lower abdominal flap slightly extended (Fig. S15G). 

Paratype: CNU-HYM-MA-2015133 (Fig. S16)

Relatively well-preserved with some air bubbles and much grit. Antennae curve to the dorsal in the dorsal view. The median ocellus is larger than the lateral ocelli; the mouthparts visible. Forewing 3Cu distinctly present, almost reaching wing margin; vein A almost reaching edge of membrane (Fig. S16D). Hind wing with five hamuli. Lower abdominal flap closely appressed to middle+dorsal flap (Fig. S16E).

Remarks

†Sirenobethylus Gen. nov. have 11 antennomeres in the female and the 3rd valvula/sting sheath transversely subdivided, which is unique to this family. It differs from other chrysidoid families in the following traits: 1) †Plumalexiidae, which have seven closed cells in the forewing and the prosternum short and scarcely exposed medially [19]; 2) Plumariidae, in which the males have broad wings with a relatively complete wing venation including with well-developed accessory veins in the apical membrane, and the females being wingless with the thorax highly modified, the propleura being fused into a tube and a deep ventral constriction at the base of the laterally expanded metapectal-propodeal complex [20, 21]; 3) Scolebythidae, which have the pronotum lacking the anterior flange, exposing the propleura in dorsal view and the propleura being widely separated posteriorly, with a large, exposed, diamond-shaped prosternum [22]; 4) †Chrysopsenellidae, which have the mandible relatively long, bidentate and antenna with 13 antennomeres [23]; 5) †Chrysobythidae, which have the mandible with five teeth, forewing with six closed cells and hind wing venation represented only by Sc+R [24]; 6) Sclerogibbidae, which have the antenna with 14 antenomeres, the hind wing apparently without venation and the mesotibia with only a single distal spur [25]; 7) Chrysididae, which have the antennae with 13 antennomeres and the abdomen with five or fewer exposed terga [26]; 8) Embolemidae, which have the antenna inserted on a conical protuberance above middle of head and the torulus situated more than twice its width from the dorsal margin of the clypeus [27]; 9) Dryinidae, in which the antenna has 10 antennomeres and the female is usually wingless and has the protarsus chelate [27]; 10) Bethylidae, in which the head is prognathous and the prosternum reduced, often concealed in ventral view [27]. 

Dataset S2. Phylogenetic analysis 

Our phylogenetic analyses, based on morphological characters, produced the final tree (Fig. 4) using Bayesian analyses. The final tree (Fig. 4) indicates the Aculeata is divided into two major branches, Chrysidoidea and Aculeata s. str. (Vespoidea and Apoidea). †Sirenobethylidae fam. nov. is placed in Chrysidoidea. According to our phylogenetic results, Plumalexiidae and Plumariidae are sister to †Sirenobethylidae + †Chrysopsenellidae + †Chrysobythidae + Chrysididae + Scolebythidae + Bethylidae + Sclerogibbidae + Dryinidae + Embolemidae, with strong support (posterior probabilities 0.8205). †Sirenobethylidae is sister to †Chrysopsenellidae + †Chrysobythidae + Chrysididae + Scolebythidae + Bethylidae + Sclerogibbidae + Dryinidae + Embolemidae, with moderate support (posterior probabilities 0.6945). The Bayesian results suggest that Chrysididae and Bethylidae are monophyletic with strong support (posterior probabilities 0.8842), Dryinidae and Embolemidae are monophyletic with strong support (posterior probabilities 0.9188). This result is consistent with the earlier study of Blaimer et al [32]. Sclerogibbidae, are not retrieved as monophyletic; this reflects the comparatively low numbers of morphological characters that can be scored from a data set consisting primarily of fossil taxa. Nevertheless, we conclude that †Sirenobethylidae is a separate lineage close to the base of Chrysidoidea. 
Dataset S3. Morphological characters list
1. Pubescence (character. 4, fig. 3) [43]: All pubescence is simple and unbranched = 0. Some of the body setae, especially those dorsally at the base of the abdomen, are branched to some extent, being subplumose or plumose = 1.

2. Head form (character. 209) [44]: Prognathous = 0. Hypognathous = 1.

3. All antennal segments with dense, long and very thin radially arranged setae: Present = 0. Absent = 1.
4. Antennal socket (character. 6, fig. 5) [43]: Antennal socket approximately circular, bordered evenly by a slightly raised rim = 0. The dorsomesal region of the rim is raised, forming a projecting "tubercle" which is semicircular in cross-section and well-differentiated from the interantennal frontal region = 1. 

5. Antenna with 10 flagellomeres in female and 11 in male: Present = 0. Absent = 1.

6. Female antennal flagellomeres (character. 25) [23]; (character. 12) [43]: Greater than or equal to twelve = 0. Less than twelve = 1.

7. Scape (character. 0) [45]; (character. 1) [46]: Scape longer than 1st (first) flagellum = 0. Shorter than 1st flagellum = 1.
8. Clypeus (character. 5, fig. 4) [43]: Clypeus very short and narrow = 0. Clypeus wider than long = 1. Clypeus longer than wide = 2. Clypeus of approx. equal height and width = 3.

9. Clypeal median longitudinal carina (character. 211) [44]: Absent = 0. Present = 1.

10. Compound eye configuration (character. 12) [44]: Following general contours of head = 0. Highly differentiated, eye protuberant = 1.

11. Ocelli (character. 10) [43]: Three ocelli present = 0. The ocelli are completely absent = 1.

12. Notch on the inner margin of the eye (character. 3) [45]: Present = 0. Absent = 1. 

13. Genal organ (character.11, fig. 7) [43]: The gena is simple, without any specialized organ = 0. The gena bears an apparently secretory organ opening externally via an invaginated line or scattered pores = 1.

14. Labial palpus (character. 8) [23]; (character. 17) [43]: The labial palpus has four segments = 0. The labial palpus has three segments. = 1. The labial palpus has less than three segments = 2. 

15. Occipital carina (character. 13) [47]: Present = 0. Absent = 1.

16. Tegula (tg) touching pronotal margin, but point of contact above any protruding lobe that may be present on the posterior margin [48]: Present = 0. Absent = 1.

17. The shape of pronotum [48]: Pronotum in dorsal view shaped like truncated pyramid = 0. Pronotum in dorsal view usually more or less U-shaped = 1. Pronotum more or less rectangular = 2.

18. Hind margin of pronotum (character. 18, fig. 10) [43]: Pronotum hind margin nearly straight and only slightly arcuate anteriorly = 0. Pronotum hind margin strongly concave in a fairly regular and somewhat acute parabolic curve (roughly V-shaped) = 1. Pronotum hind margin shifted anteriorly over almost its entire width (broadly U-shaped) = 2.

19. Pronotal articulation (character. 19, fig. 11) [43]: Attachment of the pronotum to the mesothorax is loose, allowing pronotum some moveability = 0. The pronotum is very closely attached to the mesothorax so that at most very little movement is possible between them = 1.

20. Medial longitudinal sulcus of pronotum (character. 18) [49]; (character. 112) [50]: Present = 0. Absent = 1.

21. Pronotum in lateral view with posterior margin bearing a conspicuous protruding lobe and dorsal margin of lobe forming concave angle of 30-90° with pronotal margin [48]: Present = 0. Absent = 1.

22. Prosternum [48]: Large and exposed in ventral view = 0. Small and more or less transverse, often concealed in ventral view = 1.

23. Notauli: Distinctly present = 0. Indistinctly present = 1. Absent = 2.

24. Mesoscutellum (character. 28, fig. 18) [43]: The mesoscutellum is simple, more or less flattened and not highly differentiated from the remaining notal area = 0. The scutellum is enlarged, being posterodorsally swollen and evenly protuberant = 1. 

25. Transscutal furrow (character. 23) [45]; (character. 27) [46]: Smooth = 0. Ridged = 1.
26. Propodeum, length (character. 47) [19]: Longer than high = 0. Shorter than high = 1.

27. Configuration of forecoxae (character. 26, fig. 17) [43]: The forecoxae are somewhat separated basally by the relatively well-developed prosternum = 0. The forecoxae are contiguous basally due to reduction of the prosternum posteriorly = 1. 
28. Metatibial spur number (character. 131) [44]: Two = 0. One = 1.

29. Arolium (character. 72) [19]; (character. 113) [44]: Well-developed = 0. Not distinguishable = 1.

30. Wing [27]: Macropterous = 0. Apterous = 1.

31. Forewing, vein R1, portion apical to pterostigma (character. 24) [22]: Present and extending to wing apex = 0. Present but stop to wing anterior = 1. Absent = 2. 

32. Forewing, 2r-rs (character. 93) [23]: Present = 0. Absent = 1.

33. Shape of forewing 2Rs (character. 53) [45]: Straight = 0. Curved or Angled = 1. Absent = 2. (Left: Sclerogibba turneri Richards, 1939; right: Sirenobethylus charybdis sp. nov.).
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34. Forewing, 2M (Between Rs+M and 2Rs): Present = 0. Absent = 1.

35. Forewing, M vein reaches wing margin (character. 219) [50]: Present = 0. Absent = 1.

36. Forewing 1m-cu (character. 49) [46]: Present = 0. Absent = 1. (Left: Sirenobethylus charybdis sp. nov.; right: Goniozus omanensis Polaszek, 2019).
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37. Forewing 2r-m (character. 68) [46]: Present = 0. Absent = 1. (Left: Sirenobethylus charybdis sp. nov.; right: Goniozus omanensis Polaszek, 2019).
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38. Forewing 3r-m (character. 69) [46]: Present = 0. Absent = 1.

39. Forewing, basal part of vein 1Rs + M (character. 94) [23]: Present = 0. Absent = 1. 

40. Forewing, Cu vein (character. 63) [45]; (character. 77) [46]: Almost reaches wing margin = 0. Terminates shortly after the cell 2M = 1.
41. Forewing, 1cu-a shape (character. 42) [45]; (character. 53) [46]: Curved = 0. Straight = 1. (Left: Goniozus omanensis Polaszek, 2019; right: Taeniogonalos gundlachii Cresson, 1865).
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42. Forewing, 1Cu (character. 63) [45]: Present = 0. Absent = 1.

43. Forewing, 2Cu (character.105) [21]: Present = 0. Absent = 1.
44. Pterostigmal size (character. 47) [45]; (character. 59) [46]: Short (< or = 1/4th of marginal cell length) = 0. Long (> 1/4th of marginal cell length) = 1. 
45. Hindwing, vein Sc + R (character. 112) [23]: Long, extending beyond midway to distal hamuli = 0. Relatively short, ending before midway to distal hamuli = 1. Very short, restricted to wing base = 2.
46. Hind wing, Rs (character. 230) [50]: Present = 0. Absent = 1. (Left: Plumalexius rasnitsyni Brothers, 2011; right: Chrysobythus areolatus Melo and Lucena, 2020).
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47. Hind wing, the free end of M extending to apex of wing (character. 61) [19]: Present = 0. Absent = 1.

48. Hind wing vein Cu (character.53. fig. 34) [43]: Vein Cu is distinctly present in the hind wing distal to its point of separation from vein M = 0. Vein Cu is missing distal to its separation from vein M = 1. (Left: Plumalexius rasnitsyni Brothers, 2011; right: Sirenobethylus charybdis sp. nov.).
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49. Hind wing, vein A (This character is based on Brothers, 2011 (character. 64) [19]: Complete, reaching wing apex = 0. Incomplete, not reaching wing apex = 1. Absent = 2. 

50. Hind tibial calcar (character. 68, fig. 43) [43]: Present = 0. Absent = 1.

51. Abdomen [48]: Abdominal tergum 2 and tergum 3 with very weak constriction at their junction dorsally and laterally or without constriction at all = 0. Abdominal tergum 2 and tergum 3 with strong constriction at their junction dorsally and laterally = 1.

52. Second abdominal segment (character. 32) [45]; (character. 39) [46]: Tergum and sternum separate = 0. Tergum and sternum fused = 1.
53. Abdomen second segment narrow and elongate (character. 87) [46]: Present = 0. Absent = 1. 
54. Fourth abdominal segment with transverse line: Present = 0. Absent = 1.

55. "Felt lines"(longitudinally elongate and narrow depressed areas) (This character is based on Brothers, 1975 (character. 70, fig. 46) [43]: Present = 0. Absent = 1. 

56. Eighth tergum of female (character. 78, fig. 53) [43]: The eighth abdominal tergum is exposed = 0. The eighth abdominal tergum is concealed = 1. 

57. The spines on male hypopygium: Present = 0. Absent = 1.
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