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Abstract

Toarciconiopteryx dipterosimilis gen. et sp. nov. is described from the Lower Toarcian of Grimmen (Western Pomerania,
Germany) based on a hind wing. This enigmatic wing superficially resembles a dipteran forewing, but analysis in detail
establishes that it belongs to the Neuroptera. We assign it to the Coniopterygidae with great confidence by its great con-
cordance with the hind wings of that family, but a small possibility remains that it might belong to the Dipteromantispidae,
although the very derived haltere-like hind wings of all its known members are entirely unlike it. We, therefore, consider it
to be the oldest record of Coniopterygidae. We create the new subfamily Toarciconiopteryginae subfam. nov. for it, which
is distinguished from other Coniopterygidae by its hind wings possessing two branches of RP and a proximal forking of M.
These conditions are also known in some Sialidae (Megaloptera), supporting the hypothesis that Coniopterygidae is the sister
group of all other Neuroptera, as Megaloptera is considered by most authors to be sister to Neuroptera. New interpretations
of some aspects of the Coniopterygidae venation are proposed.
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Introduction

The family Coniopterygidae is composed of the smallest
neuropterans, with reduced wing venation, and bodies and
wings with a waxy covering (Meinander 1972). Today, ca.
570 species of the family are widely distributed across the
globe (Oswald 2022). Four subfamilies are recognized:
Aleuropteryginae, Coniopteryginae, Brucheiserinae, and
Cretaconiopteryginae (Sziraki 2007; Liu and Lu 2017). The
vast majority of modern species belong to the first two sub-
families, and only five to the latter two.
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Fossil Coniopterygidae are numerous, occurring almost
exclusively in amber. They are known from Barremian Leba-
nese amber (Whalley 1980; Azar et al. 2000); Albian El
Soplao amber, Spain (Pérez-de la Fuente et al. 2019); upper
Albian Charentese amber, France (Nel et al. 2005); mid-
Cretaceous Burmese amber, Myanmar (Engel 2004, 2016;
Engel and Grimaldi 2008; Szirdki 2016, 2017; Liu and Lu
2017; Li et al. 2019a, b; Ruzickova et al. 2019); Turonian
New Jersey amber, USA (Grimaldi 2000; Engel 2002);
Cenomanian/Turonian Vendean amber, France (Perrichot
et al. 2014); upper Cenomanian Nizhnyaya Agapa amber,
northern Siberia (Makarkin and Perkovsky 2019); Santo-
nian Yantardakh amber, northern Siberia (Meinander 1975;
Makarkin and Perkovky 2017); earliest Eocene Oise amber,
France (Nel et al. 2005) and Cambay amber, India (Grimaldi
et al. 2013); upper Eocene Baltic (Pictet-Baraban and Hagen
1856; Enderlein 1910, 1930; Meinander 1975; Dobosz and
Krzeminski 2000; Engel 2010; Sziraki and Gréhn 2015) and
Rovno ambers (Ukraine) (Kupryjanowicz and Makarkin
2008); Miocene Dominican amber (Meinander 1998; Engel
and Grimaldi 2007; Grimaldi et al. 2013) and Zhangpu
amber, China (Chen et al. 2022a, b).

Only two species of the family are known as compres-
sion fossils, one from the Oligocene of France (Nel 1991)
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and the other from the Jurassic, i.e., Juraconiopteryx zheri-
chini Meinander 1975 from the Upper Jurassic of Karatau
(Kazakhstan). The latter is represented by a single specimen
with poorly preserved characters not informative to deter-
mine its systematic position within the family. Meinander
(1975), however, assigned Juraconiopteryx to Aleuroptery-
ginae “in view of the structure of the head and the antennae”
(p. 54).

The Jurassic monotypic genus Archiconiopteryx Ender-
lein 1909 from the lower Toarcian of Dobbertin (Germany)
was for a long time considered a member of the Coniop-
terygidae and the oldest record of the family (Enderlein
1909, 1910, 1911, 1930; Tjeder 1957; Meinander 1972,
1975, 1979, 1990; Nel 1991; Carpenter 1992; Ohm 1995;
Weitschat and Wichard 1998; Dobosz and Krzeminski
2000). However, its single species (Archipsylla liasina Han-
dlirsch 1906) was initially described as belonging to Archip-
syllidae in Homoptera (Handlirsch 1906—1908). Archipsyl-
lidae, with the type species Archipsylla primitiva Handlirsch
1906 is now ascribed to the order Permopsocida (see Huang
et al. 2016; = Tetrastigmoptera: Kluge 2019). Ansorge
(1996) examined additional specimens of the species from
contemporaneous localities at Grimmen and Dobbertin, and
has allocated it to another family, the Archiconiopterygidae

in Sternorrhyncha (Hemiptera), which has been accepted
by most authors (e.g., Grimaldi and Engel 2005; Szwedo
2018). In any case, Archiconiopterygidae do not belong to
Neuroptera.

In this paper, we describe a second Jurassic species of
Coniopterygidae, based on an enigmatic, rather small wing
with reduced venation. It is the oldest known member of the

family, from the Lower Jurassic (lower Toarcian, ca. 182
MA).

Materials and methods

The specimen is in a carbonate concretion of the Lower
Toarcian (exaratum subzone) marine “Green series” clay
from the former clay pit Klein Lehmhagen near Grimmen
in Western Pomerania, Northeast Germany (Fig. 1). This
locality is well known for its diverse, numerous, and well-
preserved insect fossils (Ansorge 1996, 2003; Kirejtshuk and
Ansorge 2022).

Neuroptera is not well known from the exaratum subzone,
about 3% of all insects: 2.7% of 1200 specimens (Ansorge
1996), 3.3% of 2042 specimens (Ansorge 2003), and cur-
rently 2.8% of 3300 specimens (JA, pers. data). From the
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Fig. 1 a Paleogeographic map of Middle and Western Europe show-
ing Lower Toarcian insect localities. CEB Central European Basin,
NSB North Sea Basin, PB Paris Basin, / Grimmen, 2 Dobbertin, 3
Ahrensburg, 4 Braunschweig area, 5 Upper Franconia, 6 Kerkhofen,
7 Irlbach, 8 Holzmaden, 9 Aselfingen, /0 Hemmiken, // Bascharage,
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12 Withby, 13 Gloucestershire (modified after Ansorge 2003). b Sec-
tion of the Lower Jurassic of Grimmen showing the occurrence of the
holotype of Toarciconiopteryx dipterosimilis gen. et sp. nov. (modi-
fied after Ansorge 2007), U.P. Upper Pliensbachian
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slightly older elegantulum concretions (elegantulum sub-
zone), only one neuropteran is known, the holotype of Mes-
osmylina falciferum Ansorge 1996. The Lower Toarcian
neuropteran assemblage of Grimmen is dominated by rather
small specimens of Prohemerobiidae, broad-winged Neu-
roptera that were treated as Brongniartiellidae (their actual
family affinity is unclear), and Epigambriinae (Ithonidae
s. 1.), with a wing size smaller than 10-15 mm (Ansorge
1996; Makarkin et al. 2021). Larger taxa are extremely rare
or absent at Grimmen, but are better known from the Lower
Toarcian of Lower Saxony [Fig. 1a (4)] and Bavaria [Fig. 1a
(6)], e.g., Kalligrammatidae, Tetanoptilon Bode 1953, Pan-
filovia Makarkin, 1990 and Paractinophlebia Handlirsch
1906 (Bode 1953; Ponomarenko 1996; Ansorge and Makar-
kin 2021).

We mostly follow the venational terminology of Breit-
kreuz et al. (2017), but that of venation details (e.g., spaces,
veinlets) follows Oswald (1993). Crossveins are designated
after the longitudinal veins which they connect and are num-
bered in sequence from the wing base, e.g., lra-rp, 2ra-rp,
crossveins connecting RA and RP. Contrary character states
of compared taxa are provided in brackets.

Systematic palaeontology

Order Neuroptera Linnaeus 1758
Family Coniopterygidae Burmeister 1839
Subfamily Toarciconiopteryginae subfam. nov.

Diagnosis. In hind wing, the anterior trace of RP with
two pectinate branches [one branch in other subfami-
lies]; M forked in its proximal half [in distal half in other
subfamilies].

Genus Toarciconiopteryx gen. nov.

Type and only species. Toarciconiopteryx dipterosimilis sp.
nov.

Etymology. From the Toarcian and Coniopteryx, the type
genus of Coniopterygidae, referring to the age and family
affinity of this genus. Gender feminine.

Diagnosis. As subfamily.

Toarciconiopteryx dipterosimilis sp. nov.
Figure. 2, 3

Etymology. From Diptera and the Latin similis [-e], similar,
resemble, referring to the superficial similarity of this only
known wing with a dipteran (nematoceran) wing.

Type material. Holotype LGA 2752, deposited in Museum
fiir Naturkunde (Berlin, Germany), J. Ansorge Grimmen col-
lection. A nearly complete, well-preserved hind wing.

Type locality and horizon. Northern Germany: Grimmen.
Lower Jurassic: lower Toarcian, “Green Series” clay of
exaratum subzone.

Diagnosis. As for genus.

Description. Hind wing—ca. 4.50-4.60 mm long, 1.55 mm
wide (Fig. 2). Costal space in general narrow, dilated proxi-
mally and distally, very constricted medially. Sc long, distal
part poorly discernible (Fig. 3); two poorly discernible vein-
lets in proximal dilated part; no veinlets discernible in distal
dilated part. Subcostal space broad, basal crossvein located
proximad ra-rp1; no distal crossveins discernible. Subcostal
flexion fold between Sc and RA well developed, convex.
RA rather stout, entering margin far before wing apex; no
veinlets detected. RA space broad, with two crossveins:
ra-rpl short, straight; ra-rp2 long, oblique, slightly sinuous.
RP originating close to wing base (poorly discernible); its
anterior trace entering margin slightly before wing apex,
with two long single branches. RP1 originating in proximal
part of RP (at about half wing length), proximad ra-rp2;
RP2 originating in distal part, approximately at mid-way
between origin of RP1 and termination of anterior trace of
RP. Basal crossvein between RP and M (1r-m) poorly dis-
cernible, relatively long, continuing anterior trace of RP.
Stem of M very thin, basally very poorly discernible, forked
in proximal half of wing. MA and MP divergent, simple;
MA thin proximad intramedian crossvein. Long setae on
M not detected. One intramedian crossvein (ma-mp) long,
located distad crossvein distal m-cu and proximad distal
crossvein 2r-m. Distal crossvein m-cu (connecting MP and
CuA) long. Cu very stout, continuing in concave, very stout,
simple CuA. CuP originating far from wing base, much thin-
ner that CuA, simple. A1 rather long, simple. A2, A3 not
preserved. Wing membrane slightly fuscous, single-colored.
Veins mainly fuscous.

Remarks. We consider this wing to be a hind wing because
of its general venation and its convex RA and concave CuA.
In all Neuropterida in which CuA is well developed, it is
concave in the hind wing and convex in the forewing (Adams
1960; Makarkin et al. 2009). The venation of Coniopterygi-
dae differs in the fore and hind wings (like in other Neurop-
tera) in different extent. In particular, RP originates proxi-
mally in the hind wing (except advanced Coniopteryginae)
as in Toarciconiopteryx dipterosimilis sp. nov., but clearly
distally in the forewing of all Coniopterygidae.
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Fig.2 Toarciconiopteryx dipterosimilis gen. et sp. nov. (holotype,
LGA 2752) from the Lower Toarcian of Grimmen, Germany. a part,
b counterpart, and ¢ hind wing venation. Scale bar 1 mm (all to same
scale). Al first anal vein, Cu (cu) cubitus, CuA anterior cubitus, CuP

The venation in the basal part of the wing is poorly dis-
cernible, especially crossveins (these veins are very thin and
probably the same color as the membrane).

@ Springer

MP | MA

posterior cubitus, ff flexion fold, M (m) media, MA anterior media,
MP posterior media, R(r) radius, RA (ra) anterior radius, RP (rp) pos-
terior radius, RP1, proximal-most branch of RP, RP2, branch of RP
distad RP, Sc subcosta

Discussion

Order and family affinity of Toarciconiopteryx gen.
nov.

The hind wing of Toarciconiopteryx gen. nov. is relatively
short, with strongly reduced venation. It certainly belongs
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Fig.3 Antero-apical part of
the wing of Toarciconiopteryx
dipterosimilis gen. et sp. nov.
(holotype, LGA 2752) from the
Lower Toarcian of Grimmen,
Germany. a Part, b counterpart.
Scale bar 0.5 mm (both to same
scale). ff flexion fold, RA ante-
rior radius, Sc subcosta

to Neuroptera, and nothing in the venation contradicts this.
Its initial resemblance to the forewing venation of Dip-
tera is only superficial. It clearly differs by the structure
of CuP, which in Diptera is mostly reduced or weak and
incomplete in form of a pseudovein running subparallel
to CuA, but is well developed here as in most Neuroptera.
Other character states of Toarciconiopteryx gen. nov. may
be present in Diptera.

The venation of some minute Mecoptera is also reduced.
However, their M and CuA in the hind wing are always prox-
imately fused (see e.g., Novokshonov 1997: figs. 8, 22d,
38), but these veins are widely spaced in the new genus for
entire length.

The hind wings of the minute Permian Nanosialidae
(Megaloptera?), whose venation is reduced, possess two
character states absent in the new genus: the costal space is
not constricted medially, and a dark pterostigma is present
(Shcherbakov 2013: Fig. 24). However, Toarciconiopteryx
sp. nov. may theoretically represent a new family of Mega-
loptera, as its hind wing venation is similar to that of some
Sialidae in some aspects. However, this similarity may result
from a closer phylogenetic relationship of Coniopterygi-
dae with Megaloptera than other neuropteran families (see
below). Also, the costal space of the megalopteran hind wing
is never constricted medially.

Among Neuropterta, the wing resembles the forewings
of the Cretaceous Dipteromantispidae, but the hind wing in
that family is modified to a haltere-like structure (Makarkin
et al. 2013: Fig. 1). The venation of Dipteromantispidae dif-
fers in various ways from that of 7. dipterosimilis sp. nov.,
in particular by the short forewing Sc (see Liu et al. 2016,
2017b). However, complete (i.e., not haltere-like) hind wings

of this family are not yet known, and Toarciconiopteryx
might belong to that family.

Other genera with the relatively reduced hind wing vena-
tion occur in extant Hemerobiidae (e.g., Psectra Hagen,
Zachobiella Banks: Makarkin 1994: Figs. 2, 5, 7), Sisyridae
(e.g., Climacia McLachlan: Flint 1998: Figs. 34, 35), extant
Dilaridae (e.g., Neonallachius Nakahara: Liu et al. 2017a:
figs. 10D, E), and many Cretaceous to Recent Berothidae
(e.g., Aspock 1989: Fig. 1; Archibald and Makarkin 2004:
Fig. 6; Makarkin 2018: Fig. 3). However, all of these genera
bear numerous, usually closely spaced subcostal veinlets and
trichosors, and have most longitudinal veins forked, often
more than once. The venation of all small Triassic and Juras-
sic Neuroptera is also dense and have at least some of these
character states.

Sialidopsis similis Martynov 1937 (Permithonidae) prob-
ably has the most reduced hind wing venation of Permian
Neuroptera, but it differs from that of Toarciconiopteryx gen.
nov. by a terminal forking of the longitudinal veins, four
branches of RP, and the costal space not being constricted
(Martynov 1937). In almost all Mantispidae, the hind wing
costal space is strongly constricted medially (like in 7. dip-
terosimilis sp. nov.), but their venation (even in species with
most reduced venation) is otherwise very different (e.g., by
the presence of a pterostigma and the reduced CuP in most
species).

Therefore, the family Coniopterygidae is the only real
candidate for Toarciconiopteryx gen. nov. within the Neu-
roptera. The size and wing venation of this genus fit rather
well with Coniopterygidae, differing only in details. Its wing
is concordant with that of other coniopterygids by similar
wing shape, a narrow and medially constricted costal space,
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Fig.4 Hind wing venation of Coniopterygidae subfamilies. a Cre-
taconiopteryx grandis, Cretaconiopteryginae (based mainly on the
photographs in Liu and Lu 2017: figs. 1A, 2A, with addition of some
details from other photographs and drawings in Liu and Lu 2017 and
Li et al. 2019b), b Flintoconis gozmanyi Sziraki 2007, Brucheiserinae
(based on the photograph in Sziraki 2007: Fig. 15), ¢ Aleuropteryx
Jjuniperi Ohm, 1968, Aleuropteryginae (redrawn from Meinander

the broad subcostal and RA spaces, scarce crossveins, and
all longitudinal veins not being forked distally.

Systematic position of Toarciconiopteryx
gen. nov. within the Coniopterygidae

The genus Toarciconiopteryx gen. nov. does not belong
to any of the four known subfamilies of Coniopterygidae
with any certainty. Its hind wing is distinguished from that
of other coniopterygids by two character states: the pres-
ence of two branches of RP and the proximal forking of M.
Therefore, we assign the genus to its own subfamily Toar-
ciconiopteryginae subfam. nov. Unfortunately, there are no
clear venational apomorphies; these two diagnostic character
conditions are probably plesiomorphic. Below, we compare
the hind wing venation of all coniopterygid subfamilies in
more detail.

The mid-Cretaceous subfamily Cretaconiopteryginae
with two genera from Burmese amber (i.e., Cretaconiop-
teryx Liu and Lu 2017 and Archaeconis Chen et al. 2022a,
b) is thought to represent a putative basal-most lineage of the
family (Liu and Lu 2017). According to Liu and Lu (2017),
it possesses a number of plesiomorphic conditions: seg-
mented galea; the presence of plicatures; denser crossvena-
tion; and the proximal origin of RP in both the fore and hind
wings. Putative autapomorphies of this subfamily are: the

@ Springer

1972: Fig. 11F), d Neosemidalis nervalis Meinander 1972, Coniop-
teryginae (redrawn from Meinander 1972: Fig. 105G). The vein labe-
ling is changed. All not to scale. A/-A3 first-to-third anal veins, Cu
cubitus, CuA anterior cubitus, CuP posterior cubitus, J jugal vein. M
(m) media, MA anterior media, MP posterior media, R(r) radius, RA
(ra) anterior radius, RP (rp) posterior radius, Sc subcosta

forewing RA and RP terminally fused forming a loop, and
the zig-zagged forewing CuP. Of these plesiomorphic char-
acters, one is detected in Toarciconiopteryx dipterosimilis
sp. nov., i.e., RP originates near the wing base (Fig. 4a). We
found that the longitudinal orientation of 1r-m (not cross-
vein-like), the presence of lra-rp, and the presumable A3 are
three other plesiomorphic conditions of Cretaconiopterygi-
nae; the first two of these are shared by this subfamily and
Toarciconiopteryx gen. nov. Therefore, three plesiomorphic
character states of Cretaconiopteryginae are also found in
Toarciconiopteryginae, and these have no synapomorphies.

The South American Brucheiserinae contain two genera
and four species (Navas 1927; Riek 1975; Sziraki 2007).
The position of this group within the Neuropterida was for
a long time unclear, as the two known species of the genus
Brucheiser Navas, 1927 have a strongly abnormal wing
venation. Only the discovery of the larva (Szirdki and Flint
2007) and imagoes of the genus Flintoconis Szirdki 2007
with ‘normal’ venation allowed a resolution of the problem.

The hind wing venation of Flintoconis shares with Cre-
taconiopteryginae at least four character states: dense cross-
venation, a proximal origin of RP, the presence of the pre-
sumable A3, and the distal connecting crossvein between
of Sc and RA (the first three are plesiomorphic). Also, the
crossvein 1r-m is almost longitudinally oriented (Fig. 4b).
The simple M is the only venational apomorphy of the sub-
family, but it occurs also in some Aleuropteryginae, e.g.,
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Fig.5 Claws of Coniopterygidae (a), Sialidae (b) and Chrysopidae
(¢). a Semidalis aleyrodiformis (Stephens, 1836) (image courtesy of
D. Zimmermann), b Sialis sp. (image courtesy of T. Vshivkova), ¢

Coniocompsa Enderlein, 1905. Two plesiomorphic condi-
tions are shared by Brucheiserinae and Toarciconiopterygi-
nae, i.e., the proximal origin of RP and the almost longitu-
dinally oriented 1r-m.

The subfamilies Aleuropteryginae and Coniopteryginae
have similar hind wing venation, e.g., the crossvein 1r-m in
both is more or less perpendicular to M (not longitudinally
oriented), an apomorphic state (Fig. 4c, d). The venation
of Coniopteryginae is more advanced, distinguished from
Aleuropteryginae mainly by two apomorphic states: the dis-
tal location of the RP origin, and the proximal fusion of M
and R in many species. The widely spaced Sc and RA in
these two subfamilies not connecting by a distal crossvein
is similar to a condition seen in Toarciconiopteryginae (this
area is, however, poorly discernible in the new species). The
proximal origin of RP is the only plesiomorphic state shared
by Toarciconiopteryginae and Aleuropteryginae.

Therefore, the hind wing venation of Toarciconioptery-
ginae is one of the most plesiomorphic in the family along
with that of Cretaconiopteryginae. Nevertheless, Toarcico-
niopteryginae appear to be more primitive by their plesio-
morphic RP and M.

Phylogenetic position of Coniopterygidae

The Coniopterygidae is an unique family in the Neurop-
tera by several character states which differentiate it from
all others of the order: in the larva: by six Malpighian
tubules [more than six in all other Neuroptera] and two-
segmented antennae [at least three in all other Neuropteral];
in the imago: by the presence of the gula (a median plate on
the ventral part of the head closing the occipital foramen)
[absent in all other Neuroptera], the hypodermal wax glands
and the abdominal plicatures [absent in all other Neurop-
tera], and flattened fourth tarsomeres [not flattened in other

Ceraeochrysa cincta (Schneider, 1851) (image courtesy of C. Mar-
tins). Scale bars 0.01 mm (a), 0.1 mm (b), and 0.05 mm (c). bd basal
dilatation, bp basal protuberance

Neuroptera (except Babinskaiidae, see below)] (Sziraki
1996; Zimmermann et al. 2009; Aspock et al. 2012; Randolf
and Zimmermann 2019). Also, the Coniopterygidae pos-
sess several autapomorphies in their sperm structure (Zizzari
et al. 2008). Furthermore, several characters in the ovariole
structure, the transcriptional activity of the oocyte nucleus,
and dynamics of previtellogenic growth of Coniopterygi-
dae significantly differentiate this family from those of other
families of Neuroptera (Kubrakiewicz et al. 1998).

Based on the above morphological evidence and molec-
ular analyses, Coniopterygidae are considered by most
authors to be the sister group to all other Neuroptera (e.g.,
Yang et al. 2012; Wang et al. 2017; Engel et al. 2018; Win-
terton et al. 2018; Vasilikopoulos et al. 2020). However,
there are alternative hypotheses: Coniopterygidae as the sis-
ter-group to Sisyridae (Aspock et al. 2001), Dilaridae (Har-
ing and Aspock 2004), or to the dilarid clade (Dilaridae and
berothoids) (e.g., Aspock and Aspock 2008; Zimmermann
et al. 2009; Randolf et al. 2014, 2017).

At least two imaginal character conditions of Coniop-
terygidae are found in Megaloptera and are absent in all
other Neuroptera: (1) the presence of the gula, and (2) fourth
tarsomeres are dilated and flattened (Sziraki 1996; Randolf
and Zimmermann 2019). In addition, Sziraki (1996) found
that the male genitalia of Brucheiserinae are similar to those
of the megalopteran Corydalinae (Corydalidae) in some
details.

The gula is well developed in all Megaloptera (see Kelsey
1954: Fig. 2, labeled ‘gulasternum’; Yang and Liu 2010:
Figs. 4, 5). The head of Megaloptera is prognathous. Head-
rick and Gordh (2009) believed that “the gula is a derived
condition that is found in some but not all prognathous
heads” formed “in the membranous neck region between
the lateral extinctions of the postocciput” (p. 15). However,
the head of Coniopterygidae is orthognathous, and so, it is
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impossible to associate the presence of the gula here with
head prognathism.

The dilated and flattened fourth tarsomeres are present in
Sialidae (Yang and Liu 2010: Figs. 17), and its structure is
very similar to that of Coniopterygidae (Tjeder 1957: Fig. 4).
The fourth tarsomeres are strongly bilobed in megalopteran
Corydasialidae (Wichard et al. 2005: Figs. 5, 6; Liu et al.
2017c: Fig. 3; VM. pers. obs.). However, the bilobed fourth
tarsomeres of Corydasialidae might have evolved inde-
pendently from those of Coniopterygidae and Sialidae as
their structure is different. All tarsomeres in the Cretaceous
myrmeleontoid family Babinskaiidae have broad lateral
wing-like dilatations, especially well developed in Gigan-
tobabinskaia godunkoi Makarkin and Staniczek (Makarkin
and Staniczek 2019: Fig. 2c).

We found other characters which are present in Coni-
opterygidae and Megaloptera, but are absent in other
Neuroptera.

Both Coniopterygidae (see Tjeder 1957: Fig. 4), and
Megaloptera (Sialidae and at least some Corydalidae) (VM,
pers. obs.) bear the basal protuberance on claws of legs
(Fig. 5a, b). Claws of other Neuroptera do not possess such
a protuberance; the basal dilation of claws in some Chrys-
opidae differs in structure; it does not look like a protuber-
ance (Fig. 5¢).

The partially desclerotized forewing MA is considered
a synapomorphy of Sialidae by Ansorge (2001). The very
thin M and the proximal part of MA in the hind wing of
Toarciconiopteryx dipterosimilis sp. nov. might also be
interpreted as desclerotization. The structure and general
configuration of M, and its relationships with the proxi-
mal part of RP in this species are very similar to those of
some Sialidae: M is thin and forked proximally; MA and
MP are sometimes simple; RP is originating near the wing
base; the basal part of RP (before 1r-m) is very short; and
the crossvein 1r-m is rather short, oriented longitudinally
(e.g., Adams 1960: Fig. 2; Wichard 1997: Fig. 4; Price
et al. 2012: Fig. 9; Liu et al. 2014: Fig. 4).

The presence of these shared character states in Coni-
opterygidae and Megaloptera supports the hypothesis
that this family is basal in Neuroptera as Megaloptera
are now widely accepted as a sister group of Neuroptera
(e.g., Haring and Aspock 2004; Zhao et al. 2014; Wang
et al. 2017; Winterton et al. 2018; Vasilikopoulos et al.
2020). Coniopterygidae are estimated by molecular analy-
sis to have originated ca. 294 Ma (upper Carboniferous
to lower Permian) (Winterton et al. 2018) to ca. 281 Ma
(middle Permian) (Vasilikopoulos et al. 2020). The find-
ing of Toarciconiopteryx dipterosimilis sp. nov. in the
Lower Jurassic, the venation of which has changed little
since that time, supports the assumption that this is a very
ancient family.
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It is interesting that the oldest genus of Sialidae is also
known from a nearby contemporaneous locality (Dobber-
tin, locality 2 in Fig. 1a), represented by an incomplete
wing of Dobbertinia reticulata Handlirsch 1920 (Ansorge
2001). The scarcity of both Coniopterygidae and Sial-
idae in these lower Toarcian marine sediments can be
explained by the assumption that their habitats could be
located far from the coast, and they did not fly far.

Some remarks on the venation
of Coniopterygidae

The relationship of the distal Sc and RA in Cretaconiop-
teryginae and Brucheiserinae is important for the interpre-
tation of their relationship in Aleuropteryginae and Coni-
opteryginae. In the latter two subfamilies, only one distal
subcostal crossvein is present. Currently, it is interpreted
as Sc2 (a second, posterior branch of Sc) which is then
the apparent RA, while actual RA “terminates or partially
overlaps the base of the apical Sc2 abscissa” (Breitkreuz
etal. 2017: p.19, Fig. 7); Scl is interpreted as a first, ante-
rior branch of Sc and continues Sc. This interpretation is
based on the pupal tracheation of Conwentzia psociformis
Curtis (Withycombe 1922). The new data allow to reinter-
pret this relationship.

Cretaconiopteryginae and Brucheiserinae bear two distal
crossveins. The more proximal one is obviously a true cross-
vein, 2sc-ra. However, the more distal one may be inter-
preted both as a crossvein (3sc-ra) or is part of Sc sharply
turned toward RA. The 3sc-ra of Cretaconiopteryginae is
located at the end of Sc, and either interpretations might
be valid, while 3sc-ra of Brucheiserinae is located rela-
tively distant from the end of both veins, and its identity
as a crossvein is more evident than in Cretaconiopterygi-
nae. Therefore, we interpret it as the crossvein 3sc-ra. It is
hard to know if the distal crossvein of Aleuropteryginae and
Coniopteryginae is homologous with 2sc-ra or 3sc-ra. If it
is homologous with 2sc-ra, then a part of Sc distad 2sc-ra is
Sc; if it is homologous with 3sc-ra, then a part of Sc distad
3sc-ra is single veinlet of Sc. Both interpretations differ from
the currently generally accepted hypothesis.

Both Cretaconiopteryginae and Brucheiserinae bear a
vein which we interpret as the presumptive A3. The structure
and number of anal veins in Coniopterygidae have not been
previously analyzed. Al is simple and A2 is bifurcated in
all members of the family, including probably Toarciconiop-
teryginae (A2 is not preserved in the latter). A vein between
the stem of A2 and the posterior margin in Cretaconiop-
teryginae and Brucheiserinae is interpreted as a crossvein
(Liu and Lu 2017; Li et al. 2019b) or a jugal vein (Szirdki
and Flint 2007: Fig. 16). However, it may be treated as A3
which is basally fused with A2 for a considerable distance.
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This vein is long and oblique in Flintoconis and does not
resemble a crossvein.
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