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A new genus of lance lacewings from the Middle Jurassic 
of Inner Mongolia, China
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Fossils of Osmylinae are rare, currently only one fossil genus of this subfamily is known, Lithosmylus which is recorded 
from the late Eocene Florissant Formation of USA. Herein, we report a new Osmylinae genus with two new species, 
Vetosmylus tentus gen. et sp. nov. and Vetosmylus maculosus gen. et sp. nov. from the Middle Jurassic Jiulongshan 
Formation of Daohugou Village, Inner Mongolia, China, The new genus shares many apomorphic characters with extant 
osmyline relatives, e.g., forked subcostal veinlets in forewing; dense cross-veins present in radial sector, usually forming 
one complete outer gradate series in forewing; the region between MA and MP significantly broadened in hind wing, but 
with only one row of cells, implying a likely morphological stasis during the evolution of Osmylinae. The new genus 
Vetosmylus, the first and earliest record hitherto of Osmylinae from the Mesozoic, enhances our understanding of the 
early stages of their evolution.
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Introduction
Lance lacewings (Neuroptera: Osmylidae) are an early 
branching family of the order, with a rich fossil record, and 
today comprise ca. 225 extant species in eight subfamilies 
that are widely distributed in all major biogeographial re-
gions except for the Nearctic Region (Winterton et al. 2019). 
Among the extant Osmylidae, the subfamily Osmylinae is 
a typical northern temperate group that is restricted to the 
Palearctic, but extends into the Oriental Region (Needham 
1909; Navás 1930; Makarkin 1985; Yang 1987, 1988, 1999; 
Xu et al. 2016). Currently, compared with other subfamilies, 
the Osmylinae fossils are scarce, with a single fossil genus 
recognized, Lithosmylus Carpenter, 1943, which is recorded 
from the late Eocene Florissant Formation (Cockerell 1908; 
Carpenter 1943). According to the phylogenetic results of 
Winterton et al. (2017), Osmylinae is sister to a larger clade 
of four extant subfamilies, Kempyninae, Eidoporisminae, 
Porisminae, and Stenosmylinae. Osmylinae appear to exhi-

bit intermediate characteristic between these subfamilies as 
one clade and another clade comprising the remaining extant 
subfamilies Spilosmylinae, Gumillinae, and Protosmylinae 
(Winterton et al. 2017, 2019).

The Daohugou locality is well-known for the diverse 
Mesozoic insect fossils (Wang et al. 2010b, 2012; Gao et al. 
2012; Gu et al. 2012; Ren et al. 2019), and has yielded nine 
genera and 15 species of Osmylidae from three subfamilies 
(i.e., Gumillinae, Protosmylinae, and Kempyninae) (Ren 
and Yin 2002; Ren and Engel 2007; Wang et al. 2009, 2010a, 
2011; Yang et al. 2010; Khramov et al. 2019; Li et al. 2018; 
Ren et al. 2019). It is noteworthy that kempynine fossils are 
particularly diverse in the Daohugou locality, including five 
species in three genera (Wang et al. 2011; Khramov et al. 
2019). Considering the phylogenetic status of Kempyninae 
and Osmylinae, and distributions of extant Osmylinae, the 
absence of fossil Osmylinae in the Palearctic Region is prob-
ably artificial. Herein, we describe the first osmylines from 
the Daohugou locality, representing a new genus with two 
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new species that represent the earliest record of this sub-
family.

Institutional abbreviations.—CNU, Capital Normal Univer-
sity, Beijing, China.

Other abbreviations.—A, anal veins; C, costa; CuA/P, an-
terior/posterior cubitus; MA/P, anterior/posterior branch of 
media; RA/P, anterior/posterior branch of radius; Sc, sub-
costa. The terminology for wing venation and genitalia fol-
lows Breitkreuz et al. (2017) and Winterton et al. (2019).

Nomenclatural acts.—This published work and the nomen-
clatural acts it contains, have been registered in ZooBank: 
urn:lsid:zoobank.org:pub:9ECE74E9-B719-42ED-BB51-
9C27065A91EE

Material and methods
The new material was collected from the Middle Jurassic 
Jiulongshan Formation at Daohugou Village, Shantou Town-
ship, Ningcheng County, Inner Mongolia, China. The spec-
imens were observed and photographed with a stereoscopic 
microscope Nikon SMZ18, and line drawings were pro-
duced using Adobe Photoshop CC and Adobe Illustrator CC 
software. All type specimens of this study are deposited in 
the Key Laboratory of Insect Evolution and Environmental 
Changes at the Capital Normal University, Beijing.

Systematic palaeontology
Order  Neuroptera Linnaeus, 1758
Family Osmylidae Leach, 1815
Subfamily Osmylinae Leach, 1815
Genus Vetosmylus nov.
Zoobank LSID: urn:lsid:zoobank.org:act:EA3D9D9B-917C-4877-A 
484-1CF2FC28749D
Type species: Vetosmylus tentus sp. nov.; see below.
Species included: Vetosmylus tentus sp. nov. and Vetosmylus maculosus 
sp. nov.
Etymology: From Latin vetus, archaic and osmylus, the common gene-
ric suffix of Osmylidae; referring to the earliest of Osmylinae. Gender 
is masculine.

Diagnosis.—Wings oval and elongate; forewing with ir-
regular fragmentized spots and the hind wing more hya-
line. Forewing: cross-veins in RP radial sector irregularly 
arranged except for the outer gradate series of cross-veins 
(sometimes partly present); the bifurcation of M beyond 
origin of RP1; CuA with distinctly multiple dichotomies in 
distal; A1 relatively long, clearly beyond the half length of 
CuP; A2 closed to half length of A1, A1 and A2 with nu-
merous oblique pectinate branches; A3 complete and termi-
nating at the margin. Hing wing: CuA with many pectinate 

branches in distal; CuP obviously shorter than CuA, about 
two-thirds of it, and the pectinate branches occurring near 
the middle of CuP; A1 long, exceeded half length of CuP.
Remarks.—Unequivocally this new genus is closely related 
to Kempyninae and Osmylinae due to the presence of the 
forked subcostal veinlets in both wings (other osmylid sub-
families commonly have the simple subcostal veinlets), as 
well as the elongate and pectinately branched hind wing 
CuP (cf. Spilosmylinae, Protosmylinae, and Gumillinae) 
(Winterton et al. 2019). Kempyninae and Osmylinae over-
lap significantly in all characteristics of the wings, espe-
cially in Kempyninae where there are exceptions in various 
genera which do not display the diagnostic feature for the 
subfamily. A feature often cited as being diagnostic for 
Kempyninae is the presence of an expanded area between 
MA and MP, which is often subdivided into multiple rows 
of irregular cells with sinuous crossveins (Wang et al. 2011; 
Khramov 2014; Winterton et al. 2017, 2019; Khramov et al. 
2019). Osmylinae typically have the expanded area between 
MA and MP, but it contains only a single row of cells and 
the crossveins are not sinuous. Kempynines typically also 
have the distal branches of RP being rather sinuous while 
they are only broadly curved in Osmylinae. The exceptions 
to this rule in Kempyninae are Australysmus Kimmins, 
1940, Euosmylus Krüger, 1913, which display the typical 
Osmylinae states for each character. Unfortunately, to con-
clusively discriminate between Osmylinae and Kempyninae 
examination of the male and/or female genitalia is required, 
and most fossils comprise only wing venation characters. 
There are several examples of fossil genera being transfered 
between Kempyninae and Osmylinae based on differing 
subjective interpretations of the wings, especially where 
the venation is incomplete. While the female terminalia of 
Vetosmylus maculosus sp. nov. is preserved in this fossil, 
the important discrimination features (i.e., the shape and 
position of sternite 8 and gonopophysis 9) are still obscured. 
Based on the observable features at hand, we believe that 
Vetosmylus gen. nov. should be excluded from Kempyninae 
due to its single row of cells between MA and MP in both 
fore- and hind wings. Kempyninae typically have more than 
one row of cells between MA and MP. Therefore, the new 
genus can be attributed to Osmylinae as the earliest record 
of this subfamily.

Comparing with the known osmyline genera of Osmylus 
Latreille, 1802, and Sinosmylus Yang, 1992, Vetosmylus 
gen. nov. is distinctly different for the absence of inner 
gradate series in forewing, as these genera have at least 
two complete gradate series (Wang and Liu 2009). The new 
genus can also be distinguished from the other extant genus 
Parosmylus Needham, 1909 due to the relatively long A1 
that exceeds half the length of CuP (cf. A1 is commonly 
about half the length of CuP in osmyline genera). It is note-
worthy that the new genus shows the high similarity with the 
only fossil osmyline genus Lithosmylus (~34 Mya, Eocene), 
and in fact only several species-level differences between 
them can be detected, i.e., the relatively long A2 with about 
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half of CuP length in the new genus (cf. shorter than half of 
CuP in Lithosmylus, especially in hind wing) and A3 end-
ing at the margin in the new insect (cf. A3 relict and partly 
coalescent with the proximal branch of A2 in Lithosmylus). 
Considering the huge gap of occurrence times of the fossil 
genera (~130 Mya), we feel it is appropriate to erect a new 
genus for the new Middle Jurassic insects, instead of assign-
ing them to the much younger Lithosmylus.
Stratigraphic and geographic range.—Jiulongshan Forma-
tion, Middle Jurassic; Daohugou Village, Shantou Township, 
Ningcheng County, Inner Mongolia, China.

Vetosmylus tentus sp. nov.
Fig. 1.
Zoobank LSID: urn:lsid:zoobank.org:act:30620AD1-7A74-4989-8F8A-
81660E7449A5
Etymology: From Latin tentus, outstretched; refers to the spreaded four 
wings of the new species.
Holotype: CNU-NEU-NN2019001P/C, a completely preserved male 
specimen with fully spreaded wings and visible structures (Fig. 1A1, A2).
Type locality: Daohugou Village, Shantou Township, Ningcheng Coun-
ty, Inner Mongolia, China.
Type horizon: Jiulongshan Formation, Aalenian–Bajocian boundary, 
Middle Jurassic.

Diagnosis.—Forewing with many scattered fuscous spots; 
CuP about three-fourths of CuA, forming neatly arranged 

pectinate branches; anal region well-developed, 2–3 cross-
veins between A2 and A3; A3 single; hind wing speckless; 
cross-veins in radial sector arranged irregularly, only the 
outer gradate series present; A1 well-developed, parallel 
with posterior margin, pectinately branched.
Description.—Head laterally compressed and deformed; an-
tenna filiform and incompletely preserved; presence of thorax 
and abdomen well-developed; four wings spreaded. Forewing 
about 28.18 mm long as preserved, 9.53 mm wide. Hind wing 
about 28.36 mm long as preserved, 8.59 mm wide.

Forewing (Fig. 1A3, A4): Elongate with rather rounded 
apex; nygmata undetected; pterostigma fuscous; trichosors 
well-defined along the entire margin; subcostal veinlets 
forked distally, becoming denser towards trichosors; cross-
vein sc-ra single and oblique; cross-veins ra-rp numerous, 
forming many square cells; RP with more than 15 branches, 
each broadly curved toward margin, with complicated distal 
forks; M forked close to the wing base, MA and MP forming 
several simple branches distally; CuA forked near the middle 
of the wing; CuP with 7–9 pectinate branches; A1 long, with 
8–10 pectinate branches; A2 with 7 distal pectinate branches.

Hind wing (Fig. 1E): Without any large fuscous spots; 
trichosors well-developed along the entire margin; subcos-
tal veinlets simple, with few forks; sc-ra single; presence 
of sigmoid vein joined the base of RP; the region between 
MA and MP expanded obviously, with one row of cells; MA 
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Fig. 1. Lance lacewing Vetosmylus tentus gen. et sp. nov. (holotype, CNU−NEU−NN2019001P/C) from Aalenian–Bajocian boundary (Middle Jurassic) 
of Jiulongshan Formation of Daohugou, China. Photographs of part (A1) and counterpart (A2). Line drawings of left forewing (A3), right forewing (A4), 
left hind wing (A5). Abbreviations: A, anal veins; CuA/P, anterior/posterior cubitus; MA/P, anterior/posterior branch of media; RA/P, anterior/posterior 
branch of radius; Sc, subcosta. 
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forming simple distal branches; MP with 4–5 distal pectinate 
branches; CuA long, forming 9 pectinate branches; CuP with 
10 pectinate branches; A2 and A3 poorly preserved.
Remarks.—Vetosmylus tentus is separated from the other 
species by the following characters: forewing with many 
fragmentary fuscous spots, and the hind wing immaculate 
rather than distributed with large spots; the outer gradate 
series present in forewing; MP forming several pectinate 
distal branches instead of simple branches in forewing.
Stratigraphic and geographic range.—Jiulongshan Forma-
tion, Middle Jurassic; Daohugou Village, Shantou Township, 
Ningcheng County, Inner Mongolia, China.

Vetosmylus maculosus sp. nov.
Figs. 2, 3.

Zoobank LSID: urn:lsid:zoobank.org:act: 0AF432C0-B8AB-4663-BC 
27-8B1A1B686044
Etymology: From Latin maculosus, spotted; refers to many brown 
round spots on forewings of the new species.
Type material: Holotype: CNU-NEU-NN2019002P/C, a complete-
ly preserved specimen with three wings overlapped, one hind wing 
spreaded with visible structures (Figs. 2A1, A2). Paratype: CNU-NEU-

NN2019003P/C, a completely preserved specimen with clear structure 
of genitalia (Figs. 3A1, A2) from the type locality and horizon.
Type locality: Daohugou Village, Shantou Township, Ningcheng Coun-
ty, Inner Mongolia, China.
Type horizon: Jiulongshan Formation, Aalenian/Bajocian boundary, 
Middle Jurassic.

Diagnosis.—Forewing with many brown round spots; RP 
branches numerous, more than 18; hind wing with nu-
merous radial cross-veins, arranged regularly and forming 
3–4 rows of gradate cross-veins; radial region with slender 
cells.
Description.—Compound eyes large and round; antennae 
linear, clearly segmented. Forewing about 27.88 mm long as 
preserved, 9.80 mm wide. Hind wing about 24.63 mm long 
as preserved, 9.18 mm wide (Fig. 2).

Forewing (Fig. 2A3): Pterostigma fuscous; trichosors 
well-developed along the entire margin; subcostal veinlets 
forked distally; areas between Sc and RA, RA and RP 
equally spaced; cross-veins sc-ra single and close to the 
wing base; cross-veins in radial sector arranged irregu-
larly, the outer gradate series residually present (putatively 
due to the poor preservation); MA and MP forming some 
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Fig. 2. Lance lacewing Vetosmylus maculosus gen. et sp. nov. (holotype, CNU−NEU−NN2019002P/C) from Aalenian–Bajocian boundary (Middle 
Jurassic) of Jiulongshan Formation of Daohugou, China. Photographs of part (A1) and counterpart (A2). Line drawings of forewing (A3), hind wing (A4). 
Abbreviations: A, anal veins; CuA/P, anterior/posterior cubitus; MA/P, anterior/posterior branch of media; RA/P, anterior/posterior branch of radius; 
Sc, subcosta.
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simple pectinate branches in distal; CuP shorter than CuA, 
pectinately branched approximately at middle of the wing, 
with 10 pectinate branches; A1 and A2 well-developed; A1 
with 8 pectinate branches; A2 with at least 6 branches; A3 
incompletely preserved.

Hind wing (Fig. 2A4): Only with several sporadic fus-
cous spots; only a middle nygma distinct; subcostal veinlets 
simple; presence of a longer curved vein fused with RP1; M 
forked close to the separation of RP1 from RA; the region 
between MA and MP dilated visibly, only a single row of 
cells present.

Female genitalia (Fig. 2A3, A4): Tergite 8 large, approx-
imately quadrate; tergite 9 narrow, gonocoxite 9 stout and 

knife-shaped, slightly bent at the middle; gonostylus 9 short 
and attached to gonocoxite 9 distad; ectoproct large, callus 
cerci round.
Remarks.—V. maculosus can be easily distinguished from 
V. tentus by the presence of the numerous fuscous spots in 
forewing. Besides, the cross-veins in the radial sector of the 
two species are distinctly different, i.e., presence of multiple 
gradate series in V. maculosus vs absence of gradate series 
in V. tentus.
Stratigraphic and geographic range.—Jiulongshan For ma-
tion, Middle Jurassic; Daohugou Village, Shantou Town-
ship, Ningcheng County, Inner Mongolia, China.
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Fig. 3. Female lance lacewing Vetosmylus maculosus gen. et sp. nov. (paratype, CNU−NEU−NN2019003P/C) from Aalenian–Bajocian boundary (Middle 
Jurassic) of Jiulongshan Formation of Daohugou, China (A) and extant Parosmylus tibetanus Yang, 1988 (B). A. Photographs of part part (A1) and coun-
terpart (A2); terminalia in lateral view, a combination of photos of part and counterpart under dry condition (A3) and line drawing (A4), sternite 8 and 
gonapophysis 9 cannot be clearly observed. B. Line drawing of terminalia in lateral view. 
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Discussion
The venation of Vetosmylus gen. nov. is very similar to the 
extant osmylines, especially in having cross-veins forked 
distally in forewing and the expansion of the region be-
tween MA and MP displaying a single row of cells in 
hind wing. Among the Osmylinae, Vetosmylus gen. nov. 
shows similarities to Parosmylus due to the absence of 
the inner gradate series of cross-veins. The generic status 
of Parosmylus had been questioned by some authors (e.g., 
Banks 1913 and Nakahara 1914). Wang and Liu (2009) 
proposed two apomorphic characters of Parosmylus to dis-
tinguish it from other genera, i.e., presence of a single 
gradate series of cross-veins (or absence) and boat-like 
gonocoxite 9 of female genitalia (Fig. 3A). Remarkably, the 
well-preserved female genitalia of Vetosmylus maculosus 
sp. nov. (paratype, CNU-NEU-NN2019003) (Fig. 3A3, A4) 
show high similarities with those of the extant Parosmylus 
(Fig. 3B), and both genera are characterized by a pair of dis-
tinctly boat-like gonocoxite 9, which is very different from 
other finger-like gonocoxite 9 in other osmyline genera 
(Martins et al. 2016).

Conclusions
The fossil Osmylinae are particularly rare; only one un-
ambiguously fossil genus was found from the late Eocene 
Florissant Formation. Herein we described a new genus 
with two new species of Osmylinae from the Middle 
Jurassic of China, representing the first and oldest osmy-
lines from the Mesozoic. The new genus shares many 
apomorphic characters with the extant representatives of 
Osmylinae, which corroborates its osmyline affinity. The 
occurrence of the new osmylines from the Mesozoic im-
plies a much longer and intricate evolutionary history of 
the group.
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