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1. Geological setting 

The specimens described here come from the Noije Bum amber deposit in the Hukawng 

Valley in Kachin State, northern Myanmar fig. 149,50. The age of the Kachin amber was de-

termined as Turonian-Cenomanian based on arthropods51. Due to the discovery of the ammo-

nite Mortoniceras Meek, 1876 it was stated to be Middle Albian-Upper Albian52, and the age 

dating of 98.79 ± 0.62 Ma was determined by Shi et al.53. However, a slightly older, late Ap-

tian age of amber was recently postulated54, due to the fact that the amber shows evidence of 

redeposition55,56. A recent finding of an ammonite inclusion in this resin57, did not end the 

debates about its age. Burmese amber, mineralogical named as burmite by Gdańsk pharmacist 

Otto Helm58,59,60, until the end of the last century was regarded as rare and weakly known fos-

sil resin. The interest in burmite and its inclusions exploded during the past two decades and 

resulted in the description of hundreds of taxa from this amber7. Burmese amber preserves 

enormous diversity of plants, invertebrates and vertebrates7, giving new insight into a very 

important period of formation of modern faunistic complexes at the times of mid-Cretaceous 

biotic re-organisation37. Burmese amber was proposed to be a derivative of the resin exuded 

from the gymnosperm trees of family Araucariaceae61 but recently the Cupressaceae, with 

Metasequoia were proposed as source-plants for this resin55,62. The Sibumasu terrane, which 

might be the nearest landmass of the locality where burmite was deposited, was placed in the 

climatic tropical zone63,64. Palynological study also suggested a humid, warm-temperate cli-

mate52, indicating the presence of an equatorial floristic realm. 

Sediments that host the burmite are a variety of clastic sedimentary rocks, with thin lime-

stone beds, and abundant coaly and carbonaceous material, and amber is found within a nar-

row horizon in the fine clastic facies. Accompanying the records of macrofossils like 

ammonite, gastropods and bivalves, and the microfauna including dinoflagellates, the deposi-

tional environment was suggested to be a nearshore marine setting close to deltas40,65,66. The 

amber locality lies within the West Burma terrane40,67,68, which finally collided with the Eura-

sian marginal Sibumasu terrane at around 80 Ma69,70, however, various unconstrained age 
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estimates are proposed ranging from the Middle Jurassic to the latest Cretaceous71. This sug-

gests some island or archipelago environments for at least part of the amberiferous area at 

time of resin formation and deposition40,43,68,72,73. 

 

2. Morphological terminology 

There is no consensus on the venation pattern and vein homology in Sternorrhyncha. Vari-

ous authors9,16,19, 21,22,23,74,75,76 have used various names and interpretations. Nel et al.77 pro-

posed a new interpretation of the wing venation pattern for all Paraneoptera, assuming that 

CuA gets fused with R+MP stem at wing base and connected with CuP by a specialized 

crossvein cua-cup, which is remarkably different from the traditional interpretations. An addi-

tional point is the presence of complete fusion of MA with R in Paraneoptera, so that only MP 

is present. The venational terminologies used herein are slightly modified from Nel et al.77, 

while the nomenclature of body structures mainly follows Drohojowska & Szwedo22. Veins 

abbreviations used: Pc – precosta; ScP – subcosta posterior; R – radius; RA – radius anterior; 

RP – radius posterior; MP – media posterior; CuA – cubitus anterior; A1 – analis primus (first 

anal). 

 

3. Morphological characters 

Morphological characters that are discernible in the fossils as well as extant taxa were se-

lected for the phylogenetic analyses. The data matrix used for the analysis consists of 10 taxa 

(Fulgoromorpha taken as an outgroup, and 9 Sternorrhyncha ingroups, including extinct 

groups, see Supplement 1 Table S1) and 42 characters (see Supplement 1 Table S2). Un-

known character states were coded with ‘?’, while inapplicable states with ‘–’. The list of 

characters and the nexus file containing the character matrix is available in Supplement 1 

(Tables S1 and S2). The matrix was prepared with Mesquite version 3.6178. The nexus file 

containing the character matrix is available as supplementary file Supplement 2. 

 

Table S1. Matrix of characters 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Fulgoromorpha 0 0 0 1 1 1 1 0 0 0 0 0 0 - - - - - - 0 

Pincombeomorpha ? 0 ? ? ? ? ? 0 0 0 1 0 ? ? ? ? ? ? ? ? 

Coccomorpha 1 0 0 0 0 1 1 1 0 0 1 1 1 0 0 0 0 1 1 1 

Naibiomorpha 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 1 0 1 1 1 
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Aphidomorpha 0 0 0/1 0 0 0 0 0 0 1 1 0 1 0 0 1 0 1 0 1 

Protopsyllidioidea 0 0 0/1 0 0 1 1 0 0 0 0 0 1 0 0 1 0 1 0 0 

Liadopsyllidae 0 0 0 0 0 0 1 0 0 0 2 0 1 1 1 0 0 1 0 0 

Psylloidea 0 1 0/1 0 0 0 1 0 0 0 2 0 1 1 1 0 0 1 0 0 

Dinglomorpha 0 0 0 0 0 ? 0 0 0 0 1 0 1 1 1 0 1 0 0 0 

Aleyrodomorpha 0 0 0 0 0 0 0 0 1 0 1 0 1 1 1 0 1 0 0 0 

                 

 

21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 

Fulgoromorpha 0 1 0 0 0 0 1 0 1 0 0 0/1 0 0 0 0 

Pincombeomorpha 0 ? 0 0 0 0/1 0 0 1 0 0 1 0 0 0 0 

Coccomorpha 0 0 1 1 0 1 0 0 0 0 0 0 1 1 1 1 

Naibiomorpha 0 0 1 1 0 1 0 0 0 0 0 1 1 1 0 1 

Aphidomorpha 0 0 1 1 0 1 0 0 0 0 0 1 0 1 0 1 

Protopsyllidioidea 

0/

1 0 ? 0/1 1 0/1 1 0 0 1 0 0 0 0/1 0 0 

Liadopsyllidae 0 0 1 1 1 1 1 0 1 1 0 0 0 1 0 0 

Psylloidea 0 1 1 1 1 1 1 1 1 1 0 0 0 1 0 0 

Dinglomorpha 0 0 1 1 1 1 1 0 0 1 1 0 1 1 1 0 

Aleyrodomorpha 0 0 1 1 1 1 1 0 0 1 0 0 0 1 1 0 

       

 37 38 39 40 41 42 

Fulgoromorpha 0 0/1 0 0 0 0 

Pincombeomorpha 0 0 0 0 ? ? 

Coccomorpha 0 0 1 1 0 0 

Naibiomorpha 0 0 1 0 0 0 

Aphidomorpha 0 0 1 0 0 0 

Protopsyllidioidea 1 1 0 0 1 1 

Liadopsyllidae 1 0 0 0 1 1 

Psylloidea 1 1 0 0 1 1 

Dinglomorpha 1 0 0 0 0 1 

Aleyrodomorpha 1 0 0 0 1 1 

 

Following morphological characters and their states were used for the analysis (Supple-

ment Table S2). 

 

Table S2. List of characters and their states. 

 

Head: 

1. Head capsule: 0 – uniform; 1 – divided into several sclerites 
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2. Genal cones: 0 – absent; 1 – developed 

3. Setae on head: 0 – absent; 1 – present 

4. Antennal flagellum: 0 – absent; 1 – present 

5. Sensory structures on pedicel: 0 – absent; 1 – present 

6. Rhinaria on antennae: 0 – present; 1 – absent 

7. Antennal processus terminalis: 0 – present; 1 – absent 

8. Imaginal compound eyes ommatidia: 0 – with regular ommatidia; 1 – modified up to single 

rows or groups 

9. Imaginal compound eyes dorsoventrally: 0 – not divided; 1 – divided 

10. Imaginal compound eye additional structures: 0 – absent; 1 – compound eye accompanied 

by additional ocellum 

11. Rostrum: 0 – free, not depressed to chest; 1 – placed in sternal depression; 2 – fused with 

prothoracic sternite 

12. Rostrum well developed: 0 – in all morphs; 1 – mouth parts reduced in males 

Thorax: 

13. Mesonotum: 0 – uniform, not divided; 1 – divided into several plates 

14. Mesopraescutum: 0 – markedly smaller than mesoscutum; 1 – mesoscutum and meso-

praescutum comparable in size 

15. Mesopraescutum: 0 – surrounded by mesoscutum; 1 – mesopraescutum projected before 

mesoscutum 

16. Mesoscutum: 0 – weakly convex; 1 – strongly raised mesoscutum forms two humps 

17. Mesoscutellum: 0 – distinctly separate, strongly sclerotised; 1 – mesoscutellum reduced, 

membranous 

18. Mesopostnotum: 0 – well developed; 1 – mesopostnotum poorly visible in dorsal view 

19. Metathoracic tergite: 0 – divided into metanotum and metapostnotum; 1 – metathora-cic 

tergite in the form of vestigial sclerite 

Legs: 

20. Bases of legs: 0 – on the underside of body; 1 – bases of legs on the sides of body 

21. Fore femora: 0 – naked; 1 – armed with long spines 

22. Hind coxae: 0 – not large, not fused with sternum; 1 – large, fused with sternum 

23. Tarsi: 0 – 3-segmented; 1 – 2 to 1 segmented 

Fore wings: 

24. Basal cell: 0 – present; 1 – absent 

25. Vein Pc: 0 – not carinate; 1 – carinate 
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26. Veinlet cua-cup at basal cell: 0 – present; 1 – absent 

27. Costal complex of veins: 0 – not thickened; 1 – thickened 

28. Costal break: 0 – absent; 1 – present 

29. Costal cell (between Pc+CA+CP and ScP+R): 0 – narrow; 1 – broadened 

30. Vein ScP: 0 – long, reaching margin with R; 1 – short, not reaching margin 

31. Very basal portion of common stem ScP+R+MP+CuA: 0 – distinct; 1 – reduced 

32. Stigmal area: 0 – not thickened; 1 – thickened 

33. Vein MP: 0 – forked; 1 – single 

34. Cross vein rp-mp: 0 – present; 1 – absent 

35. Areola postica: 0 – present; 1 – absent 

36. Clavus: 0 – fully developed; 1 – reduced to absent 

37. Thickened ambient vein: 0 – absent; 1 – present 

38. Longitudinal veins of fore wings covered with setae: 0 – no; 1 – yes 

Hind wings: 

39. Hind wings: 0 – fully developed, longer than 2/3 of fore wing; 1 – reduced in size, shorter 

than 2/3 of fore wing 

40. Hamulohalterae: 0 – absent; 1 – present 

Abdomen: 

41. Abdomen connection to thorax: 0 – wide; 1 – narrow, stalk-like 

42. Hypandrium (subgenital plate): 0 – absent; 1 – present 

 

4. Phylogenetic analysis 

The Maximum Parsimony (MP) analyses were performed in TNT 1.579,80, using the Tradi-

tional Search option, with memory reserved to store 99999 trees, 1000 replications, with 10 

trees to save per replication; utilizing tree-bisection-reconnection (TBR) algorithm and col-

lapsing zero-length branches, and Fulgoromorpha designated as the most distantly related 

outgroup taxon. The characters were treated as non-additive and unordered. We used two 

search strategies, including equal weights and implied weights79,81. For implied weights ana-

lyses, we tested a set of concavity (k) values from 1 to 11 and found no changes to the tree 

topology. Branch support values were estimated using 10000 bootstrap replicates. Character 

mapping was done in WinClada v. 1.00.08 with Unambiguous Changes, Fast Optimization 

(ACCTRAN) and Slow Optimization (DELTRAN) options82,83. 

Bayesian Inference (BI) was conducted in MrBayes v. 3.2.684 running on CIPRES Science 

Gateway v. 3.3. (phylo.org). The data were analysed using the Mkv model85 and default set-
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tings for priors. All analyses used four chains (one cold and three heated) and two runs of 

10000000 generations. The analyses were conducted using a gamma distribution. Conver-

gence of the two runs was visualized in Tracer v1.686, and by examining potential scale reduc-

tion factor (PSRF) values and the average standard deviation of split frequencies in the 

MrBayes output. In Bayesian Inference analysis nodes with (BI) posterior probability (PP) > 

0.80 are considered as well supported, nodes with PP = 0.70–0.80 weakly supported, and 

nodes with PP < 0.70 were considered to be unsupported. 

 

Results 

The Bayesian Inference (BI) analysis reached convergence with an average standard deviation 

of split frequencies well below 0.01 after 10000000 generations. The Maximum Parsimony 

(MP) analyses under equal and implied weights resulted in one most parsimonious tree (L = 

55, CI = 0.74, RI = 0.76). Both phylogenetic methods were highly congruent in their resultant 

topologies, and MP and BI trees were topologically very close (Supplement 1 Figs S1, S2a-c). 

 

 
 

Fig. S1. Bayesian Inference tree of the Sternorrhyncha based on morphological dataset. Support values on 

branches are Bayesian posterior probability. 



Drohojowska et al.: Fossils reshape the Sternorrhyncha evolutionary tree (Insecta, Hemiptera)	

	 S1–7 

 
Fig. S2. Parsimony trees generated with TNT. Values at nodes indicate bootstrap supports. Unambiguous 

Changes Only (a), Fast Optimization (b), Slow Optimization (c). Black circles denote apomorphies, white – 

plesiomorphies, blue – homoplasies. Bootstrap values denoted at nodes. Colour frames denote the classifica-

tion units. 
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The Sternorrhyncha, except for the extinct Pincombeomorpha, were recovered as monophy-

letic with strong support in the BI analysis (PP = 0.97), and relatively strong support in MP 

analyses (bootstrap value BS = 74). The first clade that branched off consists of Coccidomor-

pha that are resolved as sister (PP = 0.85; BS = 70) to Naibiomorpha + Aphidomorpha (no BI 

support, weakly supported (BS = 35). In the second clade, (with BI value of PP = 0.98; BS = 

84), Protopsyllidioidea are recovered as sister to all remaining groups with strong support (PP 

= 0.91; BS = 70). Liadopsyllidae and Psylloidea were resolved as sister to each other, but 

without support in BI analysis, and weakly supported in MP analysis (BS = 58). The position 

of Dinglomorpha was recovered as sister to Aleyrodomorpha, well supported (PP = 0.95; BS 

= 90) and both as sister to Liadopsyllidae + Psylloidea (no support). 

The results of the analyses of characters of all Sternorrhyncha, including the infraorders 

known only from the fossils, are presented below. The new infraorder Dinglomorpha in-

fraord. nov. was resolved as sister group to Aleyrodomorpha, supported by two synapo-

morphies: reduced, membranous mesoscutellum [character 17(1)], and well developed 

metapostnotum [18(0)]. Presence of antennal flagellum [7(0)] appeared as a homoplastic fea-

ture, present also in the Naibiomorpha + Aphidomorpha clade. The absence of the areola pos-

tica [35(1)] is homoplastic and most likely related to the reduction of size and venation. 

Liadopsyllidae + Psylloidea clade (Psyllodea Flor, 1861) is supported by a single synapo-

morphy, the rostrum fused with prothoracic sternite [11(2)], and was revealed as sister to the 

Dinglomorpha + Aleyrodomorpha clade. Both clades are united by two synapomorphies, the 

mesoscutum and mesopraescutum comparable in size [14(1)] and mesopraescutum projected 

anteriad of the mesoscutum [15(1)]. Protopsyllidioidea is a lineage defined by homoplasies 

and a single plesiomorphy, free rostrum, not adpressed to sternum [11(0)]. According to the 

results of the MP analysis, Protopsyllidioidea are sister to [[Dinglomorpha + Aleyrodomor-

pha] + [Liadopsyllidae + Psylloidea]] clade, and the whole lineage is supported by number of 

synapomorphies, vein Pc not carinate [25(1)], vein ScP, short, not reaching margin [30(1)], 

thickened ambient vein present [37(1)], abdomen narrowly connected to thorax [41(1)] and 

hypandrium present [42(1)]. 

The extinct infraorder Naibiomorpha appears sister to Aphidomorpha, the clade is support-

ed by a single synapomorphy, which is ‘the imaginal compound eye with additional ocellar 

structure’ [10(1)]. Coccidomorpha is sister group to Naibiomorpha + Aphidomorpha clade, 

the relationship is supported by several synapomorphies: ‘bases of legs on side of body’ 

[20(1)], ‘clavus reduced to absent’ [36(1)] and ‘hind wings reduced in size’ [39(1)]. The 

[19(1)], ‘metathoracic tergite in form of vestigial sclerite’ character was revealed as a synap-
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omorphy for the Aphidiformes clade (Aphidococca), viz. [Coccidomorpha + [Naibiomorpha + 

Aphidomorpha]] in Fast Optimization procedure, with reversion of this state in Aphidomor-

pha. 

This whole lineage is supported by four synapomorphies: ‘tarsi one or two segmented’ 

[23(1)], basal cell absent [24(1)], ‘costal cell between PC+CA+CP and ScP+R narrow’ 

[29(0)] and ‘crossvein rp-mp absent’ [34(1)]. The entire Sternorrhyncha clade is supported by 

several synapomorphies: ‘rostrum placed in sternal depression’ [11(1)], ‘mesonotum strongly 

raised, mesoscutum forming two humps’ [13(1)] and ‘veinlet cua-cup at basal cell absent’ 

[26(1)]. 

 

5. Systematic palaeontology 

(with detailed descriptions) 

 

Class Insecta Linnaeus, 175887 

Order Hemiptera Linnaeus, 175887 

Suborder Sternorrhyncha Amyot et Audinet-Serville, 184388 

Clade Psylliformes sensu Schlee, 196936 (= Psyllaleyroda sensu Kluge, 2010)89 

Remark. This clade was proposed by Schlee36 for the lineage uniting psyllids and whiteflies, 

including the extinct groups. Kluge89 proposed a new taxon (clade) uniting modern psyllids 

and whiteflies in his circumscriptional nomenclature and classification system. 

 

Dinglomorpha Szwedo & Drohojowska infraord. nov. 

 

Diagnosis. Fore wing with costal veins complex carinate (Pc carinate as in all Psylliformes), 

ScP present as separate fold at base (unique feature) of common stem R+MP+CuA; common 

as in Aleyrodoidea); clavus present, with single claval vein A1. Hypandrium present as small 

plate (as in Psylliformes). 

 

Dingloidea Szwedo & Drohojowska superfam. nov. 

 

Diagnosis. Fore wing membranous with modified venation – veins thickened, areola postica 

reduced; antennae 10-segmented; 3 ocelli present; stem MP present, connected with RP and 

CuA; abdomen widely fused with thorax; no wax glands on sternites. 
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Dinglidae Szwedo & Drohojowska fam. nov. 

Type genus. Dingla Szwedo et Drohojowska gen. nov.; by present designation. 

LSID urn:lsid:zoobank.org:act:D0A1C785-62D3-4E07-9A3B-FFAE3C13B704 

 

Diagnosis. Imago. Head with compound eyes narrower than thorax. Eyes entirely rounded, 

postocular tumosity present; lateral ocelli placed dorsolaterally, near anterior angle of com-

pound eye in dorsal view, median ocellus present. Antennae 10-segmented, with bases in 

frons to compound eyes, rhinaria scarce (?). Pronotum in mid line longer than mesopraescu-

tum. Fore wing with thickened costal margin, basal portion of stem R+MP+CuA weak, distal 

portion of stem R+MP+CuA convex, forked at about half of fore wing length, branch RA 

short; pterostigmal area thickened. Common stem MP+CuA short, branches RP, MP and CuA 

parallel on membrane. Rostrum reaching metacoxae. Metacoxa without meracanthus. 

Metadistitarsomere longer than metabasitarsomere, claws distinct, long and narrow, no dis-

tinct additional tarsal structures. Male anal tube long. Hypandrium in form of small plate, styli 

long, narrow and acutely hooked at apex. 

 

Dingla Szwedo & Drohojowska gen. nov. 

Type species. Dingla shagria Szwedo et Drohojowska sp. nov.; by present designation and 

monotypy. 

LSID urn:lsid:zoobank.org:act:5053D386-4A13-445C-8036-9C69D885561F 

 

Etymology. The generic name is derived from the adjective ‘dingla’ meaning ‘old’ in Jingpho 

language, which is spoken in Kachin state where the amber originates from. Gender: femi-

nine. 

Diagnosis. Vertex in mid line about as long as wide between compound eyes. Frons flat, 

widely triangularly incised at base. Antenna with 10th antennomere longer than penultimate 

one, widened, membranous apically, with terminal concavity. Pronotum about twice as wide 

as long. Mesopraescutum narrow, about as wide as pronotum; mesoscutum wide, with scutel-

lar sutures not reaching anterior margin; mesoscutellum widely pentagonal. Fore wing with 

branch R forked anteriad of branch MP+CuA forking. Tip of clavus at level of MP+CuA fork-

ing. Hind wing with terminals RP and M subparallel and weakened in apical portion. Meta-

femur not thickened, metatibia without apical spines. 
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Dingla shagria Szwedo & Drohojowska sp. nov. 

LSID urn:lsid:zoobank.org:act:3EA05FB0-B783-4D7A-98EA-10B02F50B83D 

Figs 2, 3, Supplement Fig. S3a-h 

 

Etymology. The specific epithet is derived from the noun ‘shagri’ meaning ‘insect’ in Jingpho 

language spoken in the Kachin State, when the amber was collected. 

Material. Holotype male. MAIG 5979, IAA FT-IR examination certificate 9791, registered as 

MAIG 5979IR (Supplement 1 Fig. S3a, b), Paratype male, MAIG 5980, IAA FT-IR examina-

tion certificate 9794, registered as MAIG 5980IR (Supplement 1 Fig. S3c, d), deposited in 

Museum of Amber Inclusions, Laboratory of Evolutionary Entomology and Museum of am-

ber Inclusions, Department of Invertebrate Zoology and Parasitology, Faculty of Biology, 

University of Gdańsk, Gdańsk, Poland; paratype male NIGP172398 IAA FT-IR examination 

certificate IAA9792 (Supplement 1 Fig. S3e, f), paratype male NIGP172398, IAA FT-IR cer-

tificate IAA9793 (Supplement 1 Fig. S3g, h) deposited in Nanjing Institute of Geology and 

Palaeontology, Chinese Academy of Sciences, Nanjing, China. 

Diagnosis. Pedicell, 2nd antennomere elongate, slightly thickened, 3rd antennomere longer 

than second and 4th; antennomeres 4th to 8th subequal in length. Protibia with row of thin setae 

in apicad half. Probasitarsomere about half as long as prodistitarsomere. Subgenital plate 

small, subquadrate, parameres long and narrow, parallel; about 3 times as long as wide at 

base, with hooked acute apex. Male anal tube tubular, slightly widening apicad, merely shor-

ter than parameres. 

Description. Male. Measurements (in mm): Total length 1.76 to 2.13; Body length total (in-

cluding claspers) 1.76–2.13. Head including compound eyes width 0.37–0.52; head length 

along mid line 0.18–0.24; vertex width 0.2–0.26. Forewing length 1.32–1.79; forewing width 

0.62–0.74; Claspers length 0.2–032. Antennomere 1st 0.04–0.08; antennomere 2nd 0.8–0.13; 

antennomere 3rd 0.08–0.16; antennomere 4th 0.06–0.12; antennomere 5th 0.06–0.09; antenno-

mere 6th 0.06–0.1; antennomere 7th 0.06–0.09; antennomere 8th 0.0–0.09; antennomere 9th 

0.06–0.09; antennomere 10th 0.0.8–0.01. Profemur+protrochanter cumulative length 0.26–

0.46; protibia length 0.29–0.34; probasitarsomere length 0.06–0.09; prodistitarsomere length 

0.08–0.13; mesofemur+mesotrochanter cumulative length 0.3–0.4; mesotibia length 0.36–0.4; 

mesobasitarsomere length 0.05–0.1; mesodistitarsomere length 0.13–015; metafe-

mur+metatrochanter cumulative length 0.39–0.56; metatibia length 0.5–0.68; metabasitarso-

mere length 0.1–0.15; metadistitarsomere length 0.1–0.18. 
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Vertex about half as long as width of head with compound eyes; slightly narrower than 

wide at base; disc of vertex slightly concave; sutura coronalis absent. Scapus cyllindrical, 

longer than wide, pedicel slightly longer than scapus, barrel-shaped, wider than 3rd antenno-

mere. Antennomere 3rd longer than 2nd antennomere (pedicel) antennomeres 5th to 9th sub-

equal in length; antennomere 9th with subapical rhinarium; antennomere 10th (apical) longer 

then penultimate one, spoon-like widened apically, with rhinarium placed subapically. Med-

ian and lateral ocelli visible from above. Compound eyes large, not divided, with distinct, 

non-differentiated ommatidia; postocular protuberances narrow. Frons convex, with distinct 

triangular, concave median portion; median ocellus at margin with vertex; postclypeus and 

apical portion of loral plates distinctly incised to frons; postclypeus about twice as long as 

wide; anteclypeus tapering ventrad; lora semicircular, long, with upper angles slightly below 

upper margin of postclypeus, lower angles not exceeding half of anteclypeus length. Rostrum 

with apex reaching metacoxae; scapus short, wide, placed in distinct anterolateral concavity. 

Pronotum massive, as long lateral as in midline; about 2.6 times as wide as long in mid 

line; disc of pronotum convex; anterior margin convex, slightly protruding between com-

pound eyes; posterior margins converging posteriad; posterior margin slightly concave. Me-

sopraescutum with anterior margin covered by pronotum, with anterior margin convex, lateral 

margins expanded posterolaterad, with posterior margin convex posteriomediad, slightly con-

cave posterolaterad. Mesoscutum distinctly wider than long in mid line; anterior margin mere-

ly concave medially, lateral margins distinctly diverging posteriad, posterolateral angles 

acute, distinct, posterior margin W-shaped, with distinct median concavity; disc of mesoscu-

tum convex with indistinct longitudinal concavities (apodemes? sutures?). Mesoscutellum 

narrow, with anterior margin acutely convex, lateral margins subparallel, posterior margin 

straight, disc of mesoscutellum concave, with posteromedian furrow. Metascutum and meta-

scutellum not visible. 

Fore wing about 2.5 times as long as wide; narrower at base, widening posteriad, rounded 

in apical margin; widest at ¾ of its length. Costal margin thickened, veins thick, distinctly 

elevated; basal portion of stem R+MP+CuA weak, distal portion of stem R+MP+CuA con-

vex, forked at about half of forewing length, branch RA short; pterostigmal area thickened; 

common stem MP+CuA short, branches RP, MP and CuA parallel on membrane; areola pos-

tica absent; clavus present, with apex exceeding half of forewing, with single claval vein A1. 

Hind wing about 0.8 times as long as forewing, with costal margin with two groups of reg-

ularly dispersed setae, basal group with seven longer and stiff setae and median group with 10 

shorter, stout setae; terminals RP and M subparallel and weakened in apical portion. 
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Profemur and mesofemur subequal in length; protibia slightly shorter than mesotibia; pro- 

and metadistitarsomeres slightly longer than pro- and mesobasitarsomeres. Metacoxa without 

meracanthus; metafemur longer than pro- and mesofemur; metatibia distinctly longer than 

pro- and mesotibia; metadistitarsomere distinctly longer than metabasitarsomere; tarsal claws 

long, narrow, without arolium or empodium. 

Abdomen with segments III to VIII almost homonomic in length, widely connected to 

thorax, subgenital portion narrowing. Subgenital plate small, subquadrate, parameres long and 

narrow, parallel; about 3 times as long as wide at base, with hooked acute apex. Male anal 

tube tubular, slightly widening apicad, merely shorter than parameres. 

 
Fig. 3. FT-IR spectra of analysed amber pieces. Holotype MAIG 5979: reflectance spectrum (a), ATR cor-

rected absorbance spectrum (b); Paratype MAIG 5980: reflectance spectrum (c), ATR corrected absorbance 

spectrum (d); Paratype NIGP172398: reflectance spectrum (e), ATR corrected absorbance spectrum (f); 

Paratype NIGP172399: reflectance spectrum (g), ATR corrected absorbance spectrum (h). 
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6. Fossil record, classification and phylogeny of Sternorrhyncha 

The modern treatment of the Sternorrhyncha with two distinguished clades (Supplement 

Fig. S2a) results from the data and their interpretations presented by Schlee36, Shcherbakov26, 

Kluge28,89 and Gavrilov-Zimin et al.90. Within the suborder Sternorrhyncha, two clades – the 

Aphidiformes (= Aphidococca) covering Pincombeomorpha, Aphidomorpha, Naibiomorpha 

and Coccidomorpha and Psylliformes (= Psyllaleyroda) with Aleyrodomorpha and Psyllodea1. 

The summary of names and content of taxa mentioned is given below (Supplement Table 3). 

 

Table S3. Sternorrhyncha classification 

 

Subordo Sternorrhyncha Amyot et Audinet Serville, 184388 

 Cladus Aphidiformes sensu Schlee, 196936 (=Aphidococca sensu Kluge, 2010)28 

  Infraordo Pincombeomorpha Shcherbakov, 199091 

  Infraordo Coccidomorpha Heslop-Harrison, 195292 

  Infraordo Naibiomorpha Szwedo, 20181 

  Infraordo Aphidomorpha Becker-Migdisova et Aizenberg, 196293 

 Cladus Psylliformes sensu Schlee, 196936 (= Psyllaleyroda sensu Kluge, 2010)28 

  Infraordo Aleyrodomorpha Chou, 196394 

  Infraordo Dinglomorpha Szwedo et Drohojowska infraord. nov. 

  Infraordo Psyllodea Flor, 186195 (=Psyllaeformia Verhoeff, 1893)96 

   Superfamilia Protopsyllidioidea Carpenter, 1931a,97 

   Superfamily Psylloidea Latreille, 1807 

a most probably paraphyletic assemblage 

 

Reconstructing the phylogenetic relationships of modern Sternorrhyncha based on molecu-

lar data is not an easy task. Firstly, the selection of taxa already analysed is not comprehen-

sive and data for numerous subunits and groups are not available. Secondly, the problem in 

sternorrhynchan molecular phylogenetics, which was very well addressed rather early on, is 

the long-branch attraction phenomenon. It was pointed out that psyllids show deviations from 
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the normal 18S rDNA sequence in places of insertions characteristic of the remaining Sternor-

rhyncha, hinting that these insertions had once been present, but later became lost99, and that 

long-branch attraction may explain association of unusually long 18S rDNA sequences of 

whiteflies and aphids. Analysis of the whole mitochondrial genomes of whiteflies, aphids and 

psyllids100 revealed that gene sequences in aphids and psyllids are conservative, while in 

whiteflies there were variations in mitochondrial gene order. Other phylogenetic studies of 

Hemiptera101-104 have shown that the aphids should be one of the closest relatives of white-

flies. Both of the groups have similar biologies, viz. faster generation times and more genera-

tion, yet the aphids’ mitogenomes exhibit lower sequence evolutionary rate and shorter branch 

lengths than whiteflies104-106. Very little attention was paid to including and explaining mito-

chondrial genome-based topologies with the addition of scale insects to psyllids, whiteflies 

and aphids. According to the available results of the whole mitogenomes analysis107, aphids 

and coccids form a clade, sister to whiteflies, and together sister to psyllids. The same rela-

tionship pattern was revealed in the analyses of amino acid transporter genes108 and increased 

mitogenome sequences109. The alternative relationship hypothesis with aphids and coccids as 

a clade, sister to psyllids and whiteflies as sister to remaining sternorrhynchans was presented 

by Johnson et al.34 and Wang Y.H. et al.110, both based on transcriptomes (Supplement Fig. 

S4C). Similar results, where whiteflies were resolved outside of other Sternorrhyncha (no 

coccids included in the analyses) were obtained by Song et al.104 based on mitogenomes, and 

Song et al.111 combining mitogenomes and nuclear genes. 

The oldest Aphidomorpha (Supplement Fig. S5a, c) are known from the Artinskian (early 

Permian) of Lodève, France30, the Coccidomorpha (Supplement Fig. S5a, f) enter the fossil 

record very late and their fossils are known since the Valanginian (early Cretaceous) of the 

United Kingdom111, however a much older origin of the group, at least Triassic, was postulat-

ed by112. The host(s), habitat, life behaviour and early phylogeny stages of Coccidomorpha 

remained hidden until the evolution of flowering plants had begun when coccids “suddenly” 

appeared in numerous and diverse groups1,114,115. The dearth of pre-Cretaceous fossils may be 

due to palaeoecological or taphonomical conditions (litter and underground life style of early 

coccidomorphs hypothesized by Koteja113), as well as failure to recognize early scale insect 

fossils when sorting the material. The extinct Naibiomorpha (Supplement Fig. S5a, d) are 

known since the Ladinian (middle Triassic) of Tongchuan Formation, Shaanxi Province, Chi-

na116. Another extinct lineage – the Pincombeomorpha (Supplement Fig. S5a, c) enter the 

fossil record in the Kungurian (terminal early Permian) of Koshelevka Formation, Tshekarda, 

Ural Mountains, Russian Federation9. The oldest Psylliformes, viz. unidentified Protopsyllid-
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ioidea are reported from Kungurian (lower Permian), carbonaceous shales of middle Ecca 

Group, Haakdoornfontein, South Africa (Supplement Fig. 5a, c)117; the oldest modern Psyl-

loidea s.l. – Liadopsyllidae (Supplement Fig. 5a, e)48, appeared in the Toarcian of Grimmen, 

Germany118. Modern Psylloidea s. str. are known as fossils since Lutetian of Kishenehn For-

mation, Montana, U.S.A. and Baltic amber (Supplement Fig. 5a, g)1,119. The oldest 

Aleyrodoidea appeared in the Callovian/Oxfordian (middle/late Jurassic) of Daohugou, China 

(Supplement Fig. 5a, e)27. The record of particular lineages and their diversification, palaeo-

diversity and palaeo disparity is very uneven, but at least some general evolutionary patterns  

 

 
Fig. S4a-d. Relationships within Sternorrhyncha according to various authors. According to Campbell et 

al.133 (a), according to Song et al.108 (b), according to Wang Y.H. et al.110 (c), according to Wegierek32 (d). 
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can be proposed (Supplement Fig. S5). The initial diversification of the earliest sternorrhyn-

chans could be related to the development of secondary phloem in the lignophytes – seed 

plants and progymnosperms120,121 in the Carboniferous. Findings of the sternorrhynchan 

nymphs, galls and feeding traces on Permian plants122,123, together with taxonomic diversity, 

morphological specialization and disparity observed in the fossil record, suggest that phloem-

feeding insects were important components of early ecosystems124. The Aphidiformes largely 

diversified in the Triassic and Jurassic with several lineages of aphids125,126, naibiomorphans 

and pincombeomorphans26, but as mentioned before, there is no fossil record of coccidiomor-

phan from these times (Supplement Fig. S5). This could be explained by taphonomic reasons, 

such as decay and scavenging and low preservation potential of diminutive forms127,128. Se-

veral morpho-ecological changes were proposed as a result of coccidomomorpha ancestors 

shifting from above ground habitats on plant stems, branches and twigs, as is still present in 

most of aphids, to hypogeic habitats, viz. litter and soil; as retained e.g. in the most basal en-

sign scale insects (Orthezioidea). These include the appearance of wingless, neotenic females, 

with marsupium; miniaturized, dipterous males; legs adapted for digging, not climbing113. 
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Fig. S5. Relationships and distribution of oldest Sternorrhyncha. Chronophyletic scheme of sternorrhynchan 

lineages (a); oldest record of Stenorrhyncha5, palaeoglobe Moscovian (b); oldest records of Aphidomorpha30, 

Pincombeomorpha9, Protopsyllidioidea117, palaeoglobe Artinskian; (c) oldest records of Naibiomorpha116, pal-

aeoglobe Anisian (d); oldest records of Liadopsyllidae119 and Aleyrodomorpha27, palaeoglobe Toarcian (e); 

oldest record of Coccidomorpha112 and Dinglomorpha, palaeoglobe Albian (f); oldest records of Psylloidea s. 

str.119, palaeoglobe Lutetian (g); palaeoglobes after Scotese130-134. 
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