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Supplementary Figure 1 | General appearances of mushroom-containing ambers from northern 

Myanmar. (a) Rounded amber piece containing Taxon A, NIGP164520. (b) Square-shaped amber 

piece containing Taxon C, NIGP164523. (c) Subtriangular amber piece containing two individuals of 

Taxon B, NIGP164521 and NIGP164522. (d) Rectangle amber piece containing Taxon D, 

NIGP164524. Scale bar, 2mm. 
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Supplementary Figure 2 | Details of mushrooms in mid-Cretaceous amber from northern 

Myanmar. a–c under normal reflected light; d and e under fluorescence. (a) Top view of Taxon A, 

NIGP164520. (b) Ventral view of Taxon A, showing details of lamellae. (c) General appearance of two 

individuals of Taxon B (NIGP164521 and NIGP164522), showing the strongly plano-convex cap and 

long stalk. (d) Laterally top view of one individual of Taxon B (NIGP164522), showing radially 

sulcate cap; (e) lateral view of the other individual of Taxon B (NIGP164521), showing the median 

depression on cap. Scale bars, 500 μm in a, d and e; 200 μm in b; 1 mm in c. 
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Supplementary Figure 3 | Details of mushrooms in mid-Cretaceous amber from northern 

Myanmar. (a) Top view of Taxon D, NIGP164524. (b) Ventral view of Taxon D, NIGP164524. (c) 

Top view of Taxon C, NIGP164523. (d) Details of base of stalk and lamellae of Taxon C, ventral view; 

(e) details of lamellae of Taxon C, ventral view. Abbreviations: ca, cap; st, stalk. Scale bars, 500 μm in 

a, b, d and e; 1 mm in c. 
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Supplementary Figure 4 | Mycophagous oxyporine rove beetles in mid-Cretaceous amber from 

northern Myanmar, Taxon 1, preserved in one amber piece prior to preparation. (a) Individual 1 

(NIGP164525) and individual 2 (NIGP164526) of Taxon 1 preserved together. (b) Relatively smaller 

individual 3 (NIGP164527) of Taxon 1. Scale bars, 2 mm.  
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Supplementary Figure 5 | Details of mycophagous oxyporine rove beetles in mid-Cretaceous 

Burmese amber, Taxon 1. a, c and d under fluorescence, others under normal light. (a) Dorsal view of 

head (individual 2, NIGP164526), showing anteriorly protruding mandibles. (b) Ventral view of head 

(individual 2, NIGP164526), showing specialized labial palpi and characteristic antennae. (c) 

Enlargement of pronotum (individual 2, NIGP164526), showing median tubercle. (d) Enlargement of 

elytra (individual 3, NIGP164527). (e) Brush-like pseudomola of mouthparts (individual 3, 

NIGP164527). (f) Mouthparts of individual 3, showing mandibles, maxillary and labial palpi. (g) Left 

hind legs and hing wing of individual 3. (h) Right protarsus (individual 3, NIGP164527), with elongate 

tarsomere 2 indicated. (i) Left metatarsus (individual 3, NIGP164527), with elongate tarsomere 2 

indicated. Abbreviations: an, antenna; e, eye; hw, hind wing; lp, labial palpomere; ma, mandible; tu, 

tubercle. Scale bars, 500 μm in a–d, f and g; 100 μm in e; 200 μm in h and i. 
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Supplementary Figure 6 | Mycophagous oxyporine rove beetles in mid-Cretaceous amber from 

northern Myanmar, Taxon 2, NIGP164528. a and c under fluorescence, others under normal 

reflected light. (a) Lateral view of head, pronotum, elytra and basal portion of abdomen. (b) Dorsal 

view of pronotum, elytra and abdomen. (c) Enlargement of elytra and abdomen, showing colour 

patterns on them. (d) Enlargement of head, showing enlarged and elongate mandibles. (e) Left and  (f) 

right mesotarsus. Scale bars, 500 μm in a–d; 100 μm in e and f. 
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Supplementary Figure 7 | Mycophagous oxyporine rove beetles in mid-Cretaceous amber from 

northern Myanmar, Taxon 3, NIGP160556, under normal reflected light. (a) Dorsal habitus. (b) 

Left protibia. (c) Right mesotibia. (d) Right mesotarsus. (e) Enlargement of d, showing apical 

tarsomere, elongate claw and empodium. (f) Left labial palpus. (g) Enlargement of f, showing apical 

palpomere. (h) Enlargement of g, showing dense fine dot-like sensory organs covering its apex. 

Abbreviations: emp, empodium; lp, labial palpomere; lpa, labial palpus; mst, mesotarsomere. Scale 

bars, 2 mm in a; 500 μm in b and c; 100 μm in h; 200 μm in others. 
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Supplementary Figure 8 | Mycophagous oxyporine rove beetles in mid-Cretaceous amber from 

northern Myanmar, Taxon 3, NIGP160556, under fluorescence. (a) Ventral view of head. (b) 

Enlargement of a, showing mandibles, pseudomola and left maxillary palpus. (c) Enlargement of b, 

showing right jagged mandible. (d) Enlargement of pronotum and elytra. (e) Enlargement of a, 

showing right labial palpus. (f) Right middle leg, showing keeled tibia. Abbreviations: ca, carina; ely, 

elytron; ma, mandible; mp, maxillary palpomere; pro, process; pron, pronotum; psm, pseudomola. 

Scale bars, 500 μm in a and f; 1 mm in d; 200 μm in others. 
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Supplementary Figure 9 | Mycophagous oxyporine rove beetles from Early Cretaceous Yixian 

Formation of northeastern China and comparison of apical labial palpomere between extinct and 

extant taxa. a under fluorescence, others under scanning electron microscope. (a) Cretoxyporus 

extraneus Cai and Huang, habitus of holotype, NIGP153699. (b) SEM of a, mainly showing ventral 

structures of head, including large mandibles. (c) Enlargement of b, showing the large and strongly 

securiform apical palpomere. (d) Enlargement of apical palpomere of extant Oxyporus sp. Scale bars: 2 

mm in a; 500 μm in b; 100 μm in c. 200 μm in d. 
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Supplementary Figure 10 | Extant mycophagous oxyporine rove beetles, Oxyporus sp. (a) 

Lateroventral view of head, showing details of specialized mouthparts. (b) Enlargement of a, showing 

details of labial palpi. (c) Enlargement of b, showing strongly securiform apical palpomere. (d) Line 

drawing of labial palpus. Abbreviation: lp, labial palpomere. Scale bars: 2 mm in a; 1 mm in b; 500 μm 

in c. 
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Supplementary Figure 11 | Details of extant oxyporine rove beetle, Oxyporus sp., SEM. (a) 

Anterior part of head, showing large mandibles. (b) Ventral view of crossed mandibles, indicating a 

small process. (c) Details of labium and brush-like pseudomola. (d) Labial palpi. (e) Enlargement of 

metatarsomere 5, showing elongate claws and empodium. (f) Mesotarsus, with elongate tarsomere 2 

indicated. (g) Metatarsus, with elongate tarsomere 2 indicated. (h) Right mesotibia. Abbreviations: emp, 

empodium; pro, process. Scale bars, 500 μm in a and h; 100 μm in e; 200 μm in others. 
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Supplementary Figure 12 | Details of mouthparts of extant mycophagous oxyporine rove beetle, 

Oxyporus sp., SEM. (a) Left labial palpus. (b) Enlargement of a, showing the apical labial palpomere. 

(c) Enlargement of b, showing fine, dense, mainly peg-like sensory organs on the apex of palpomere. 

(d) Enlargement of c, showing details of peg-like sensory organs. (e) Enlargement of c, showing both 

peg-like and villiform sensory organs. (f) Enlargement of e, showing peg-like sensory organs. (g) 

Enlargement of c, showing four different types of sensilla, including villiform, digitiform, peg-like and 

acronychius sensilla. (h) Details of villiform sensory organs. Abbreviations: lp, labial palpomere. Scale 

bars, 200 μm in a and b; 20 μm in c; 5 μm in others. 
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Supplementary Figure 13 | Ecological reconstruction of diverse mycophagous oxyporine rove 

beetles and mushrooms in the Cretaceous; image courtesy of Jie Sun. 
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Supplementary Table 1 | Checklist of known fossil agarics. 

 

Number Fossil Agarics Size & Shape Systematic 

Placement 

Deposit Age Source 

1 Coprinites dominicana Poinar 

& Singer, 1990 

Pileus 3.5 mm in largest 

diameter; convex-shaped with 

a small central depression 

Order Agaricales, 

Family  

Coprinaceae* 

Dominican 

amber 

~20 Ma 

ref. 1 

2 Archaeomarasmius leggetti 

Hibbett, Grimaldi & 

Donoghue, 1997 

Pileus 3.2–6.0 mm in 

diameter; circular, 

plano-convex, radially 

sulcate; margin incurved 

Order Agaricales, 

Family 

Tricholomataceae** 

New Jersey 

amber 

~90 Ma 

ref. 2 

3 Protomycena electra Hibbett, 

Grimaldi & Donoghue, 1997 

Pileus 5 mm in diameter, 4 

mm in height; circular, 

convex; margin slightly 

flared; context thin 

Order Agaricales, 

Family  
Tricholomataceae*** 

Dominican 

amber 

~20 Ma 

ref. 2 

4 Aureofungus yaniguaensis 

Hibbett et al., 2003  

Pileus 3 mm in diameter; 

convex, with a broad raised 

center, glabrous or minutely 

textured; margin incurved, 

striated 

Order Agaricales, 

Family incertae sedis 

Dominican 

amber 

~20 Ma 

ref. 3 

5 Palaeoagaracites antiquus 

Poinar & Buckley, 2007 

Pileus 2.2 mm in diameter; 

convex, radially furrowed, 

hairy; margin slightly 

incurved 

Order Agaricales, 

Family incertae sedis 

Burmese 

amber 

~99 Ma 

ref. 4 

6 Taxon A See above Order Agaricales, 

Family incertae sedis 

Burmese 

amber 

~99 Ma Present study 

7 Taxon B See above Order Agaricales, 

Family incertae sedis 

Burmese 

amber 

~99 Ma Present study 

8 Taxon C See above Order Agaricales, 

Family incertae sedis 

Burmese 

amber 

~99 Ma Present study 

9 Taxon D See above Order Agaricales, 

Family incertae sedis 

Burmese 

amber 

~99 Ma Present study 



 18 

*Coprinites was originally placed in Coprinaceae, but questioned by Hibbet et al.2, who suggested that Coprinites could represent either the 

Agaricaceae or a nondeliquescent member of the Coprinaceae. 

**Archaeomarasmius was suggested to be closely related to the modern genera Marasmius and Marasmiellus, which were traditionally 

placed in the polyphyletic family Tricholomataceae. However, both genera have been segregated into Marasmiaceae. 

***Protomycena was compared with extant Mycena and placed in the Myceneae, a subfamily was attributed to the family Tricholomataceae. 

Mycena is currently classified in the family Mycenaceae, suggesting that Protomycena probably belongs to Mycenaceae, rather than 

Tricholomataceae. 



 19 

Supplementary Table 2 | Oldest fossil records of subfamilies of Staphylinidae. 

 

Subfamily Occurrence of oldest known fossil Presence in Cretaceous? Source 

Aleocharinae earliest Late Cretaceous (~99 Ma); Burmese amber Yes ref. 5 

Apateticinae No fossils known No – 

Dasycerinae earliest Late Cretaceous (~99 Ma); Burmese amber Yes ref. 6 

Empelinae No fossils known No – 

Euaesthetinae Early Cretaceous (~125–135 Ma); Lebanese amber Yes ref. 7 

Glypholomatinae Middle Jurassic Haifanggou Formation (~165 Ma); Daohugou beds No ref. 8 

Habrocerinae No fossils known No – 

Leptotyphlinae No fossils known No – 

Megalopsidiinae earliest Late Cretaceous (~99 Ma); Burmese amber Yes ref. 9 

Micropeplinae earliest Late Cretaceous (~99 Ma); Burmese amber Yes ref. 10 

Microsilphinae No fossils known No – 

Neophoninae No fossils known No – 

Olisthaerinae Middle Jurassic Haifanggou Formation (~165 Ma); Daohugou beds No ref. 11 

Omaliinae Middle Jurassic Haifanggou Formation (~165 Ma); Daohugou beds Yes ref. 12 

Osoriinae earliest Late Cretaceous (~99 Ma); Burmese amber Yes ref. 13 

Oxyporinae Early Cretceous Yixian Formation (~125 Ma); Jehol biota Yes ref. 14 

Oxytelinae Late Jurassic Karabastau Formation, Karatau (~150 Ma) Yes ref. 15 

Paederinae Early Cretceous Yixian Formation (~125 Ma); Jehol biota Yes ref. 16 

Phloeocharinae Late Cretceous (~90 Ma); New Jersey amber Yes ref. 17 

Piestinae Early Cretceous Yixian Formation (~125 Ma); Jehol biota Yes ref. 18 

Proteininae earliest Late Cretaceous (~99 Ma); Burmese amber Yes ref. 19 

Protopselaphinae earliest Late Cretaceous (~99 Ma); Burmese amber Yes Cai, personal observation 

Pselaphinae Early Cretaceous (~110 Ma); Spanish amber Yes ref. 20 

Pseudopsinae No fossils known No – 

Scaphidiinae earliest Late Cretaceous (~99 Ma); Burmese amber No Cai, personal observation 

Scydmaeninae Early Cretaceous (~110 Ma); Spanish amber Yes ref. 20 

Solieriinae earliest Late Cretaceous (~99 Ma); Burmese amber Yes ref. 21 

Staphylininae Early Cretceous Yixian Formation (~125 Ma); Jehol biota Yes ref. 16 

Steninae earliest Late Cretaceous (~100 Ma); French amber Yes ref. 22 

Tachyporinae Late Jurassic Karabastau Formation, Karatau (~150 Ma) Yes ref. 15 

Trigonurinae Late Jurassic Karabastau Formation, Karatau (~150 Ma) No ref. 15 

Trichophyinae No fossils known No – 
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Supplementary Note 1 

 

Description of Mushrooms in Burmese Amber 

 

Kingdom: Fungi 

Phylum: Basidiomycota 

Class: Agaricomycetes 

Order: Agaricales 

Family: Marasmiaceae 

 

Taxon A 

(Fig. 1a, b, and Supplementary Figs 1a and 2a) 

 

Material. NIGP164520; nearly completely-preserved, with an intact cap possessing characterized gills; 

stalk broken, with basal portion preserved; deposited in the Nanjing Institute of Geology and 

Palaeontology, Chinese Academy of Sciences. 

Locality and age. Preserved in Burmese amber (Burmite) from Hukawng Valley, northern Myanmar; 

earliest Cenomaniaas aboven, absolute age 98.79 ± 0.62 million years (myr) ago established by U–Pb 

dating of zircons from the rind of the unprocessed amber. 

Description. Basidiomata dark brown. Pileus 2.86 mm in largest diameter, plano-convex, circular, 

thin-fleshed, radially sulcate, depressed in middle; margin strongly incurved (Supplementary Fig. 2b). 

Lamellae sub-distant, with ca. 13 primary lamellae extending from stipe apex to pileus margin and ca. 

13 lamellulae (of one length). Stipe slender, base broken, largest diameter 0.22 mm, insertion central, 

cylindrical.  

 

Taxon B 

(Fig. 1c and Supplementary Figs 1c and 2c) 

 

Material. NIGP164521 and NIGP164522. NIGP164521 with complete cap and partial stalk; 

NIGP164522 with broken cap and stalk; deposited in the Nanjing Institute of Geology and 

Palaeontology, Chinese Academy of Sciences. 

Locality and age. Preserved in Burmese amber (Burmite) from Hukawng Valley, northern Myanmar; 

earliest Cenomanian (98.79 ± 0.62 myr). 
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Description. Basidiomata dark brown. Pileus 2.94 mm in diameter, strongly plano-convex 

(Supplementary Fig. 2e), circular, thin-fleshed, slightly radially sulcate (Supplementary Fig. 2d); 

margin slightly incurved; surface minutely textured. Lamellae sub-distant, with about 20 visible 

lamellae, attached to stipe apex. Stipe slender, slightly curved, base broken, diameter 0.35 mm, 

insertion central, cylindrical. 

 

Family: incertae sedis 

Taxon C 

(Fig. 1d and Supplementary Figs 1b and 3c) 

 

Material. NIGP164523; mainly preserved as cap; stalk with only basal part visible; deposited in the 

Nanjing Institute of Geology and Palaeontology, Chinese Academy of Sciences. 

Locality and age. Preserved in Burmese amber (Burmite) from Hukawng Valley, northern Myanmar; 

earliest Cenomanian (98.79 ± 0.62 myr). 

Description. Basidiomata light brown. Pileus 3.92 mm in largest diameter, slightly convex, sub-oval, 

thin-fleshed, not sulcate, shallowly depressed in middle; margin not incurved; surface coarsely textured. 

Lamellae close (Supplementary Fig. 3e), with about 38 visible lamellae and only 10 extend from 

margin to stipe. Stipe with only apex preserved, insertion sub-marginal, cylindrical (Supplementary Fig. 

3d).  

 

Taxon D 

(Fig. 1e and Supplementary Figs 1d and 3a, b) 

 

Material. NIGP164524; nearly completely preserved, with a piece of elongate plant remains covering 

the cap from ventral view; deposited in the Nanjing Institute of Geology and Palaeontology, Chinese 

Academy of Sciences. 

Locality and age. Preserved in Burmese amber (Burmite) from Hukawng Valley, northern Myanmar; 

earliest Cenomanian (98.79 ± 0.62 myr). 

Description. Basidiomata dark. Pileus 2.65 mm in largest diameter, plano-convex, thin-fleshed, 

radially sulcate; margin plicate-pectinate, not incurved; surface minutely textured. Lamellae sub-distant, 

with about 16 visible lamellae. Stipe very short and stout, base preserved, diameter 0.31 mm, insertion 

sub-marginal, cylindrical.
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Supplementary Note 2 

 

Description of Mycophagous Oxyporine Rove Beetles in Burmese Amber 

 

Kingdom: Animalia 

Phylum: Arthropoda 

Class: Insecta 

Order: Coleoptera 

Family: Staphylinidae 

Subfamily: Oxyporinae 

Genus: Oxyporus Fabricius, 1775 

Taxon 1 

(Fig. 2a and Supplementary Figs 4 and 5) 

 

Material. NIGP164525, NIGP164526, NIGP164527; three conspecific individuals preserved in one 

amber piece prior to preparation (cutting); NIGP164525 and NIGP164526 preserved in one piece after 

preparation (Supplementary Fig. 4a); all specimens completely preserved, except for the right 

mesotarsus of NIGP164527; deposited in the Nanjing Institute of Geology and Palaeontology, Chinese 

Academy of Sciences. 

Locality and age. Preserved in Burmese amber (Burmite) from Hukawng Valley, northern Myanmar; 

earliest Cenomanian (98.79 ± 0.62 myr). 

Diagnostic description. Body moderate, 6.4–7.7 mm long, mostly yellow (except elytral apex); 

antenna with antennomeres 6–10 strongly transverse, broadly glabrous along axis (of the subgenus 

Oxyporus type; Supplementary Fig. 5b); infraorbital ridge absent; pronotum with a posteromedian 

tubercle (Supplementary Fig. 5c); elytron impunctate, bicolored, with a small, black and transverse 

mark on outer apical angle (Supplementary Fig. 5d); mesocoxae widely separated by large metaventral 

anterior process. Hind wing well developed (Supplementary Fig. 5g). 

Remarks: Taxon 1 is undoubtedly placed in the extant Oxyporinae based on the following combination 

of characters: antenna inserted at sides of head near the eyes; large and strongly protruding mandible 

(Supplementary Fig. 5a, b); large conical procoxa; transverse metacoxa; tarsal formula 5-5-5 

(Supplementary Fig. 5h, i); abdomen with six visible sterna; and two pairs of paratergites each on 

abdominal segments III–VII. Taxon 1 can be placed in the extant genus Oxyporus based on its general 

habitus, bicolored elytron, absence of infraorbital ridge, and mesocoxae widely separated by large 
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metaventral anterior process. It can be attributed to the extant subgenus Oxyporus by the characteristic 

antennal morphology (antennomeres 6–10 strongly transverse, broadly glabrous along axis). Taxon 1 is 

morphologically very similar to some extant Oxyporus representatives, but is differs in having a 

posteromedian tubercule on pronotum, impunctate elytra, and the colour, shape and size of elytral 

markings. 

 

Taxon 2 

(Fig. 2c and Supplementary Fig. 6) 

 

Material. NIGP164528, a nearly complete adult with the head slightly downcurved; median portion of 

pronotum broken; deposited in the Nanjing Institute of Geology and Palaeontology, Chinese Academy 

of Sciences. 

Locality and age. Preserved in Burmese amber (Burmite) from Hukawng Valley, northern Myanmar; 

earliest Cenomanian (98.79 ± 0.62 myr). 

Diagnostic description. Body very small, 4.5 mm long, mostly brown and black, head and pronotum 

black, elytra and abdomen bicolored (Supplementary Fig. 6b, c); mandible elongate (Supplementary 

Fig. 6d); antenna with antennomeres 6–10 strongly transverse, broadly glabrous along axis (of the 

subgenus Oxyporus type); infraorbital ridge absent; pronotum without median tubercle; elytron 

impunctate, bicolored, with a large, black and longitudinal mark on outer apical angle, and an elongate 

distally-tapered mark along sutural margin (Supplementary Fig. 6c); mesocoxae widely separated by 

large metaventral anterior process. Hind wing well developed (Supplementary Fig. 6c). 

Remarks: Similar to Taxon 1, this taxon is undoubtedly a member of the extant genus Oxyporus based 

on its large and strongly protruding mandible, large conical procoxa; tarsal formula 5-5-5 

(Supplementary Fig. 6e, f); and two pairs of paratergites on abdominal segments III–VII. Moreover, it 

can be also attributed to the subgenus Oxyporus by the characteristic antennal morphology 

(antennomeres 6–10 strongly transverse, broadly glabrous along axis). Taxon 2 is similar to some 

extant Oxyporus species, but is differs in having a much smaller body size, bicolored elytron and 

abdomen, impunctate elytra, and the colour, shape and size of elytral markings. 

 

Taxon 3 

(Fig. 2c and Supplementary Figs 7 and 8) 

 

Material. NIGP160556, a complete adult with the body slightly distorted and broken; some structures, 



 24 

such as the labial palpi, detached from the mouthparts, with one labial palpus below the ventral side of 

right eye, and the other before the left mandible; deposited in the Nanjing Institute of Geology and 

Palaeontology, Chinese Academy of Sciences. 

Locality and age. Preserved in Burmese amber (Burmite) from Hukawng Valley, northern Myanmar; 

earliest Cenomanian (98.79 ± 0.62 myr). 

Diagnostic description. Body moderate, 7.3 mm long, black (including elytra); right mandible 

jagged-edged with a sharp process near base (Supplementary Fig. 8b, c); antenna with antennomeres 

6–10 strongly transverse, broadly glabrous along axis (of the subgenus Oxyporus type); infraorbital 

ridge absent; pronotum without median tubercle; elytron impunctate, unicolored (Supplementary Fig. 

8d); mesocoxae widely separated by large metaventral anterior process; tibia keeled (Supplementary 

Figs 7b, c and 8f); mesotarsus with first tarsomere as long as the second (Supplementary Fig. 7d). 

Empodium with 2 long setae (Supplementary Fig. 7e). 

Remarks: Taxon 3 can be unambiguously placed in Oxyporinae based on its large and strongly 

protruding mandible, large conical procoxa; transverse metacoxa; 5-segmented mesotarsus, and 

6-segmented abdomen with two pairs of paratergites. The taxon resembles Oxyporus species in general 

habitus, but significantly differs by the presence of impunctate elytron, distinctly keeled tibia, and 

tarsomere 1 as long as the second. In particular, the keeled tibiae are apparently confined to 

Apateticinae and the related Mesapatetica Cai et al., Piestinae, some basal Oxytelinae (Platydeleaster 

Schülke and Protodeleaster Cai et al.), and some Scaphidiinae. In Oxyporus, the basal tarsomeres 

(tarsomere 1) are distinctly smaller and shorter than tarsomere 2. However, the basal tarsomere is as 

long as the second in Taxon 3, making it very distinctive among oxyporines. Therefore, we suggest that 

taxon 3 represents a new genus belonging to the extant Oxyporinae. 
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Supplementary Note 3 

 

Evolution of mycophagy in Staphylinidae 

Most extant beetle families are thought to have originated in the Cretaceous23,24 and that diet 

diversification in Coleoptera was well underway, taking advantage of fully functional ecosystems25,26. 

Of about 60 modern families of beetles known from the Cretaceous27, those with extant members 

associated with large-bodied fungi include Ptiliidae, Eucinetidae, Trogossitidae, Nitidulidae, 

Tetratomidae, Melandryidae, Mordellidae, Tenebrionidae, and Anthribidae. Taxonomic diversity16 is 

mirrored in Mesozoic staphylinids, the largest family of the Order Coleoptera28, which was also diverse 

in the Cretaceous and consistied of 20 of the 32 extant subfamilies (Supplementary Table 2) belonging 

to predominantly predatory, mycophagous, and saprophagous lineages29. Definitive mushroom feeding 

by adults and larvae occurs in Oxyporinae and Scaphidiinae (an unconfirmed Upper Jurassic fossil has 

been identified from the Solenhofen deposits by Weyenbergh30; a definitive scaphidiine has recently 

been discovered from Burmese amber). Saprophagy may be the primitive mechanism for 

Staphyliniformia as a whole31,32, which is corroborated by presumed behaviors of Jurassic staphylinids, 

that also included fungus-feeding Glypholomatinae8. Phylogenetic data on staphyliniforms corroborate 

fossil evidence indicating that staphylinid diversification began in the Jurassic33. Character analyses 

reveal a high number of phylogenetic shifts among various diets and microhabitats, more commonly 

from leaf litter habitats to subcortical (saproxylic) or to periaquatic microhabitats with fewer shifts 

from leaf litter to carrion and to fungi34. 

The exact phylogenetic placement of Oxyporinae remains controversial28,34, complicating the 

exact nature of the origin of mushroom feeding in the group. Oxyporinae are placed in the predatory 

Staphylinine Group of subfamilies35, usually in a basal position relative to Megalopsidiinae, 

Pseudopsinae, Steninae, Euaesthetinae36,37. This staphylinid subgroup is dated to the Cretaceous38 and 

contains very diverse prey capture strategies, including the use of a sticky-harpoon method by Steninae 

that have a protrusible labium39. Well-sampled phylogenetic studies place Oxyporinae with low 

statistical support outside the Staphylinine Group, for example, as sister taxon to Osoriinae28 or sister to 

soil-dwelling Leptophylinae34. Though the long-held view that Oxyporinae arose from a predatory 

ancestor remains ambiguous based on recent phylogenetic studies, by the Cretaceous, staphylinid 

feeding mechanisms had well-diversified. 
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