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Lacewings (Neuroptera) normally bear four well-developed wings. There are a few brachypterous, micropterous or apterous species, found in several extant families; this
wing reduction is usually associated with flightlessness. The only documented fossil
neuropteran with reduced hind wings (modified to small haltere-like structures) is the
enigmatic minute genus Mantispidiptera Grimaldi from the Late Cretaceous amber of
New Jersey. In this paper, we report a new genus and species from the Early Cretaceous Yixian Formation of China (Dipteromantispa brevisubcosta n. gen. et n. sp.) resembling Mantispidiptera. We place these two genera in the new family Dipteromantispidae, n. fam. They bear well-developed forewings with reduced venation, and hind
wings that are extremely modified as small structures resembling the halteres of Diptera. Dipteromantispidae n. fam. might be specialized descendants of some early Berothidae or of stem group Mantispidae þ Berothidae. We presume that dipteromantispids were active fliers. This is a remarkable example of parallel evolution of wing
structures in this neuropteran family and Diptera.

Introduction
Insects of the order Neuroptera usually bear four welldeveloped wings. However, there are a few brachypterous, micropterous or apterous species, found in several
extant families (see a short review below). Grimaldi
(2000) described the enigmatic fossil neuropteran genus
Mantispidiptera Grimaldi and its two minute species
M. enigmatica Grimaldi and M. henryi Grimaldi (forewings 2.63–3.12 mm long) from the Late Cretaceous
(Turonian) amber of New Jersey (USA). This genus is
noteworthy for its specialized forewing venation and
hind wings reduced to small structures resembling the
halteres of Diptera. He (and subsequent authors) associated it with the family Mantispidae, due to the presence of raptorial forelegs and forewing venation,
which distantly resembles that of the mantispid subfamily Symphrasinae (Grimaldi 2000; Grimaldi & Engel
2005; Aspck & Aspck 2007; Engel & Grimaldi
2007). However, Wedmann and Makarkin (2007,
p. 709) stated the opinion that “the systematic position

* Corresponding author

# 2013 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

of this enigmatic genus remains unclear, but it most
probably does not belong to Mantispidae”, by its lack of
significant mantispid synapomorphies. Engel & Grimaldi
(2008, p. 86) reinstated the genus within the family, explaining that it is “highly autapomorphic, with several
apomorphies likely the result of miniaturization.”
In this paper, we describe a new genus from the
Early Cretaceous Yixian Formation of north-eastern
China, which resembles Mantispidiptera but is much
larger, yet its forewing venation is even further reduced.
The reduced venation in this larger genus supports the
suspicion of Wedmann and Makarkin (2007) that these
character states are not explained by minute size, and
that its character states that resemble those of the Mantispidae likely only superficially do so, and constitute
insufficient reason to place it in that family. These genera are clearly closely related, together forming a supergeneric taxon, which we herein describe as the new family Dipteromantispidae n. fam., and discuss its
relationship within the Neuroptera. We presume that
they were active fliers.

68

Material and methods
The new genus and species are based upon a single specimen, collected
at the Huangbanjigou locality, situated approximately 21 km south of
Beipiao, western Liaoning Province, China. These deposits belong to
the Jianshangou Member (Bed) of the lower Yixian Formation (Wang
& Zhou 2008), which are considered to be of late Barremian age,
26.1  1.7– 124.6  0.1 Ma (Swisher et al. 1999, 2002; Wang et al.
2001b; Chen et al. 2004; Yang et al. 2007). The upper-most beds of the
Huangbanjigou locality are considered early Aptian, 123.3  0.5–
122.8  1.6 Ma (Wang et al. 2001a; Yang et al. 2007). The neuropteran
assemblage of this locality is analysed by Makarkin et al. (2012). The
specimen is housed in the Key Laboratory of Insect Evolution & Environmental Changes, College of Life Sciences, Capital Normal University, Beijing, China (Prof. Ren Dong, curator). Photographs were taken
using a Nikon Digital Camera DXM1200C attached to a Leica MZ12.5
stereomicroscope. The line drawings were prepared with CoralDraw 12
graphics software and Adobe Photoshop CS2.
Terminology and abbreviations
We follow the general body terminology of Snodgrass (1935), the female terminalia terminology of Aspck & Aspck (2008), and the
traditional (sensu Wootton 2003) venational terminology of Comstock
(1918) as recently amended by Oswald (1993) and Archibald & Makarkin (2006). Crossveins are designated by the longitudinal veins
which they connect and numbered in sequence from the wing base,
e.g., 1icu, the most proximal intracubital crossvein (i.e., between CuA
and CuP); 2icu, the intracubital crossvein located distal to 1icu; 1r-m,
the most proximal crossvein between R (or Rs) and M; 2r-m, the
crossvein between R (or Rs) and M located distal to 1r-m.
Wing vein abbreviations used are as follows: Sc, subcosta; R, radius;
R1, first branch of R; Rs, radial sector; R1, most proximal branch of
Rs; M, media; MA, media anterior; MP, media posterior; Cu, cubitus;
CuA, cubitus anterior; CuP, cubitus posterior; 1A, first anal vein.

Systematic Paleontology
Order Neuroptera Linnaeus, 1758
Family Dipteromantispidae n. fam.
Type genus. Dipteromantispa n. gen.
Diagnosis. Small to minute mantispid-like neuropterans (forewing
2.6–7.9 mm long). Prothorax short, not tubular; forelegs raptorial, articulated to prothorax posteriorly; profemur armed with two-three
rows of short denticles. Forewing venation strongly reduced, with
small number of crossveins; trichosors, nygmata, pterostigma absent;
subcostal veinlets simple; Sc relatively short, widely separated distally
from R1; Rs originating very far from wing base, with few branches;
M, Cu forked near wing base. Hind wing strongly reduced, modified
to haltere-like structure.
Genera included. Dipteromantispa n. gen., Mantispidiptera Grimaldi, 2000.
Stratigraphic and geographic range. Yixian Formation (Early Cretaceous, Barremian) of Liaoning (China), and the Raritan Formation
(Late Cretaceous, Turonian) of New Jersey (USA).

Dipteromantispa n. gen.
Derivation of name. From Diptera and Mantispa (a genus-group
name), in reference to its two dipteran-like wings, yet mantispid-like
appearance of this neuropteran. Gender: feminine.
Type and only species: Dipteromantispa brevisubcosta n. gen. et n. sp.
Diagnosis. Larger than Mantispidiptera, forewing about 8 mm long
[Mantispidiptera: forewing 2.6–3.1 mm long]; in forewing, Sc very
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short, joining margin at approximately mid-wing [Mantispidiptera: Sc
longer, joining margin at approximately distal one-third wing length];
MP forked once [Mantispidiptera: forked twice]; CuA simple [Mantispidiptera: deeply forked].

Dipteromantispa brevisubcosta n. sp.
Figures 1–3A, B
Derivation of name. From the Latin brevis, short, and subcosta
(noun), subcostal vein, in reference to its short Sc.
Holotype. CNU-NEU-LB2011013, a nearly complete, quite well-preserved female specimen in ventral aspect, is housed in the Key Laboratory of Insect Evolution & Environmental Changes, College of
Life Sciences, Capital Normal University, Beijing, China.
Type locality and horizon. Huangbanjigou, Beipiao City, Liaoning
Province, China; Yixian Formation, Early Cretaceous.

Description. Head nearly as wide as prothorax; posterocular lobe expanded. Antennae widely spaced, long;
scapus short, length approximately equal to width; distinctly larger than other segments; pedicellus short,
only slightly larger that first flagellomere; flagellum
with about 40 flagellomeres.
Thorax preserved in ventral aspect. Boundaries between prothorax, mesothorax and metathorax indistinct.
Prothorax rather short, narrowed, rounded anteriorly.
Anterior lateral cervical sclerite large, pear-shaped, with
very broad posterior rounded part, and short, narrow
anterior narrower part of ‘pear’ (poorly visible); well
extending beyond sides of prothorax; with long, quite
dense, laterally directed hairs. Posterior lateral cervical
sclerite, episternum (= propleuron) hard to discriminate;
this united structure elongate, with long, quite dense,
directed laterally hairs in anterior part. Basisternum
small, narrow, with short median longitudinal ridge;
rather strongly sclerotized area present anterior to basisternum; narrow precoxal bridge connecting strongly
sclerotized area anterior to basisternum and episternum
present. Furcasternum indistinct, weakly sclerotized.
Forelegs raptorial; procoxa elongate, stout, covered
with dense, rather short hairs; protrochanter rather
small; profemur broad, half-oval in lateral view, covered
with fine short hairs; armed with one-two (proximally,
distally) to three (medially) short denticles; tibiae, tarsi
not preserved. Mesothorax largest segment of thorax,
weakly sclerotized ventrally. Middle legs not preserved.
Metathorax smaller than mesothorax, weakly sclerotized ventrally. Hind legs: metacoxa large, heavily sclerotized; metatrochanter apparently transverse; metafemur
elongate, slender (incompletely preserved).
Abdomen. Boundaries between segments not distinct.
Gonocoxites of 7th segment paired, with finger-like
process (alternatively, 7th or 8th tergite expanded to
ventral side, terminated with strong processes). Gonocoxites of 9th segment (= gonopophyses laterales) ovoid
(in ventral view), with small anterior projection (?hypocaudae). Gonostyli not detected, probably absent.
Forewing 7.9 mm long, ovate in shape, without maculation. Costal space strongly dilated at its middle
length, narrowed basally, distally. Sc very short, enter-
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Figure 1. Dipteromantispa brevisubcosta n. gen. n. sp. from Liaoning Province, China (holotype CNU-NEU-LB2011013).
A. Photograph (ventral view, dry); B. Drawing (body pattern slightly schematized). alc – anterior lateral cervical sclerite; bs – basisternum; e – eye; es – episternum; gc7 – gonocoxites of the 7th segment; gc9 – gonocoxites of the 9th segment; HW – hind wing;
mc – metacoxa; mtf – metafemur; mtr – metatrochanter; pc – procoxa; pf – profemur; plc – posterior lateral cervical
sclerite; ptr – protrochanter. Scale bar, 5 mm.

ing margin approximately at wing mid-point. Five preserved subcostal veinlets: simple, straight, widely
spaced. R1 entering margin before wing apex; its veinlets not detected. Subcostal space narrow proximally,
broadens towards termination of Sc; distinct crossveins
not detected. Pterostigma absent. R1 space very broad,
crossveins not detected. Rs originating very far from
wing base, approximately at one-third of wing length.
Rs with three simple, widely spaced branches. Two
crossveins between R, M systems: basal 1r-m, distal 2rm. M basally fused with R for long distance. Fork of
M poorly preserved, probably near apparent origin of
M. Two intramedian crossveins (1im, 2im) located
proximad crossveins 1r-m, 2r-m respectively. Probably
two crossveins between M, Cu systems. MA simple,
entering margin after wing mid-point. MP rather deeply
forked. Cu probably forked near wing base (fork not
preserved). Two intracubital crossveins. CuA simple,
rather short. CuP parallel to CuA, probably with one
branch. Possible 1A fragmentarily preserved.
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Hind wings poorly preserved in general, but clearly
modified to haltere-like structures, about 1.9 mm long.
Stem of haltere-like structure about 0.2 mm wide; its
head about 0.3 mm wide. No venation evident.

Discussion
Distinctive features of Dipteromantispidae
Lateral cervical sclerites. The presence of two pairs of
cervical sclerites is a potential apomorphy of Neuroptera (occurring also in Zoraptera, Psocoptera, and Diptera, presumably convergently) (Friedrich & Beutel
2010), and their derivation from the preepisternum is
considered an autapomorphy of the order (Beutel et al.
2010). Pear-shaped lateral cervical sclerites is the plesiomorphic condition in Neuroptera (Friedrich & Beutel
2010). The anterior lateral cervical sclerite (alc) in Dipteromantispa n. gen. is indeed slightly pear-shaped, with
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Figure 2. Dipteromantispa brevisubcosta n. gen. n. sp. from Liaoning Province, China (holotype CNU-NEU-LB2011013).
A. Head, prothorax and mesothorax (ventral view); B. Apex of abdomen (ventral view). Both photographed in ethanol; alc – anterior lateral cervical sclerite; br – precoxal bridge; bs – basisternum; es – episternum; fs – furcasternum; gc7 – gonocoxites of the
7th segment; gc9 – gonocoxites of the 9th segment; h – hypocaudae; plc – posterior lateral cervical sclerite. Scale bar, 1 mm.

a very broad posterior rounded part, and a short, narrow, anterior narrower part of the ‘pear’ (poorly visible
in this specimen). This is similar to the alc of the berothid (rhachiberothine) genus Hoelzeliella Aspck &
Aspck (Aspck & Aspck 1997, fig. 33) and of Mantispa Illiger, which belongs to an advanced subfamily
of Mantispidae (Crampton 1926, fig. 52). However, the
alc is much longer and more slender in another, more
primitive mantispid genus, Plega Navs (Symphrasinae)

(Matsuda 1970, fig. 118C). The same situation is found
in some Chrysopidae: alc is a narrow slender ‘pear’ in
the more primitive subfamily Nothochrysinae, and a
rounded ‘pear’ in the more advanced subfamily Chrysopinae (see Crampton 1926, fig. 51; Adams 1967,
figs 35–37). The posterior lateral cervical sclerite (plc)
is usually small in extant taxa (e.g., Crampton 1926,
fig. 51, labelled ‘postcervicale’), and hardly distinguishable in fossils. For example, it was not reported in

Figure 3. Forewing venation of Dipteromantispidae n. fam. A. Left forewing of Dipteromantispa brevisubcosta n. gen. n. sp.;
B. Right forewing of D. brevisubcosta n. gen. n. sp. (converted to right aspect for ease of comparison); C. Mantispidiptera enigmatica Grimaldi; D. M. henryi Grimaldi (re-drawn from Grimaldi 2000, fig. 14, vein labelling is ours). Scale bar, 5 mm (for A and
B, scale not provided by Grimaldi 2000).
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the Eocene Archaeochrysa creedi (Carpenter) (see
Adams 1967, fig. 47). Therefore, the structure labelled
‘plc þ es’ [plc þ episternum] in Figs 1B and 2A probably represents for the most part the episternum.
Basisternum. The actual shape of the basisternum in
Dipteromantispa n. gen. is hard to determine. Examination of the specimen wetted with ethanol indicates three
possibilities: (1) it is small and narrow (its boundary is
rather distinct), with a median longitudinal ridge; a
dark area anterior to the basisternum in this case is
simply fuscous membrane, including an area of the precoxal bridge (see below); (2) the basisternum is small
and narrow with a median longitudinal ridge; a dark
area anterior to the basisternum (including an area of
the precoxal bridge) is a secondary sclerotized membrane; (3) the basisternum is larger comprising whole
dark area (its boundary is not distinct; see Fig. 2A),
with a median longitudinal ridge in posterior half; the
precoxal bridge is in this case homologous with that of
Mantispa. In our opinion, the second possibility is most
likely.
A small basisternum is the plesiomorphic condition
in Neuroptera, occurring often in the order (Matsuda
1970; Friedrich & Beutel 2010). In Chrysopidae, the
basisternum is small in the more primitive Nothochrysinae, and larger in the more advanced Chrysopinae (see
Crampton 1926, fig. 51; Adams 1967, figs 35–37).
Precoxal bridge. A weakly sclerotized precoxal bridge
connecting the basisternum (or a sclerotized membrane,
see above) and episternum (propleuron) anterior to the
procoxae appears to be present in Dipteromantispa
n. gen. Within the Neuroptera, the precoxal bridge has
only been reported in Mantispa, but is probably more
strongly sclerotized there (see Crampton 1926, fig. 52).
In general, it is present in many non-endopterygote insects, “but is unlikely to be a groundplan feature of Endopterygota” (Friedrich & Beutel 2010, p. 17). The possible presence of a precoxal bridge in Dipteromantispidae
is most probably secondary, and therefore autapomorphic, not homologous with that of Mantispa.
Profemur. The structure and arrangement of the profemoral teeth of Dipteromantispidae are most similar to
those of the extant berothid (Rhachiberothinae) genus
Hoelzeliella Aspck & Aspck (Aspck & Aspck
1997, fig. 33), the mantispid (Symphrasinae) genus Trichoscelia Westwood (Penny 1982, fig. 10; Hoffman
2002, fig. 539), and the Mesozoic mantispid subfamily
Mesomantispinae (V. Makarkin, personal observation)
in the absence of long spines and in the presence of
only small ‘denticles’ in two-three rows (more than
three in some Mesomantispinae). In other Mantispidae
and Rhachiberothinae, at least one long spine is present
(often more than one). In the fossil berothid subfamilies
Paraberothinae and Mesithoninae, all of the numerous
spines are usually more or less long (see Engel 2004;
Nel et al. 2005; McKellar & Engel 2009; Petrulevicius
et al. 2010).
Gonocoxites of 7th abdominal segment. The nature
of the pair of finger-like structures at the ventral side
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of the abdomen is hard to identify (Fig. 2B). They appear to be ventral appendages of the 7th or 8th segments, most resembling the paired posterior processes
of the 7th sternite of some species of the mantispid
genus Theristria Gerstaecker (Lambkin 1986, fig. 36),
the gonocoxites of the 7th abdominal segment of Hoelzeliella (Aspck & Aspck 1997, fig. 33), or the gonocoxites of the 8th abdominal segment (subgenitale) of
Rhachiberotha Tjeder (Tjeder 1959, figs 243D, E). We
interpret these structures as the 7th gonocoxites, as they
are located distant enough from the 9th gonocoxites;
moreover, the 8th gonocoxites (subgenitale) in extant
taxa are usually not finger-like. It is also possible (but
very unlikely) that these structures may be terminal
parts of the pseudohypocaudae of the 9th tergite, like
those of Berothidae (e.g., Aspck & Aspck 1997, fig.
33). In any case, the presence of this pair of finger-like
structures shows that the Dipteromantispidae appears to
have a close relationship with Berothidae and/or
Mantispidae.
Gonocoxites of 9th abdominal segment. The ventral
morphology of the 9th gonocoxites (ovoid, reniform) is
typical for the majority of extant Neuroptera taxa. Female gonostyli are absent in all Mantispidae and Berothidae (including Rhachiberothinae), and many other
families. Their presence in Osmylidae, Ithonidae, Psychopsidae, and Hemerobiidae is confidently the plesiomorphic condition.
The small anterior projection of the 9th gonocoxites
resembles the short hypocaudae of Berothidae (including Rhachiberothinae) (e.g., Aspck & Aspck 1984,
figs 14, 39; 1997, fig. 40). The presence of the hypocaudae is an apomorphic condition, and occurs only in
Berothidae (Aspck 1986; Aspck & Nemeschkal
1998).
Forewing venation. The forewing of Dipteromantispa
n. gen. (about 8 mm long) has very reduced (simplified) venation, almost like that of Coniopterygidae, a
family of the smallest neuropterans. Almost all longitudinal veins and branches are simple, lacking branches.
The forewing of Mantispidiptera differs from that of
Dipteromantispa n. gen. by slightly more complete venation, i.e., more closely spaced subcostal veinlets; the
presence of the veinlets of R1; the distal forks of MA,
Rs and its branches; the additional deep fork of MP
and CuA. The number and arrangement of crossveins
(confidently detected) are almost identical in these two
genera, although the forewing of Dipteromantispa
n. gen. is nearly three times the size of that of Mantispidiptera.
The venation of the two species of Mantispidiptera is
similar in general, but M and Cu are basally separated
from R in M. enigmatica, a plesiomorphic condition,
and fused with R for the considerable distance in
M. henryi, an apomorphic condition. Based on the same
arrangement of the crossveins in these two species, we
interpret the venation of M. henryi differently from Grimaldi (2000): his ‘Rs’ is our Rs and MA; his ‘M’ is
our MP (Figs 3C, D).
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The venation of Dipteromantispidae can in principle
be derived from that of different families by simplification, but this seems most likely from some primitive
Mantispidae (like Symphrasinae) and Berothidae (like
Rhachiberothinae) with Sc and R1 not fused distally.

Systematic position of Dipteromantispidae
This family undoubtedly belongs to Neuroptera by the
reduced cerci (as in all Neuropterida), small prothoracic
basisternum (large in Raphidioptera and Megaloptera),
and the probable presence of two pairs of cervical
sclerites (the latter character is not clearly visible, see
above) (Kristensen 1991; Friedrich & Beutel 2010).
Within the Neuroptera, the Dipteromantispidae n. fam.
is obviously a specialised taxon, with secondarily simplified forewing venation, and strongly modified hind
wings. From the above analysis, we believe that the
body structures and the raptorial forelegs of Dipteromantispidae n. fam. clearly indicate its position near
Berothidae and Mantispidae (we consider Berothidae as
including Rhachiberothinae). These families are generally thought to be sister taxa (e.g., Aspck et al. 2001;
Winterton et al. 2010), but Mantispidiptera and Dipteromantispa n. gen. may not be assigned to them.
As mentioned above, Mantispidiptera has been previously assigned to Mantispidae. The fossil record of
Mantispidae includes 12 described species that range
from the Early Jurassic to the Middle Miocene (Cockerel 1921; Panfilov 1980; Nel 1989; Makarkin 1990,
1997; Ohl 2004; Poinar 2006; Engel & Grimaldi 2007;
Wedmann & Makarkin 2007; Poinar & Buckley 2011).
A mantispid larva is known from the Late Eocene Baltic amber (Ohl 2011). In Jurassic and Early Cretaceous
specimens, mantispid bodies are usually well-preserved,
and their features are typical for the family, including
the structure of the prothorax and forelegs (V. Makarkin, personal observation; see also Makarkin et al.
2012, fig. 3A).
The principal autapomorphy of Mantispidae (the pronotum posterior to the forelegs is prolonged forming a
tube in the vast majority of species) is not characteristic
of Dipteromantispidae n. fam. In general, its prothorax
is dissimilar to that of Mantispidae, but is similar to
that of more generalized taxa (e.g., Berothidae, Sisyridae, Nevrorthidae). Forewing venation is strongly derived in Dipteromantispidae n. fam., but that of Mantispidiptera enigmatica maintain some plesiomorphic
features, e.g., M and R are basally separate. In this respect its venation differs from that of Mantispidae, in
which M is always basally fused with R for a considerable distance. This is unlikely to represent a reversion
from joined to separated M and R; such a case has not
been supposed in any neuropteran lineages. Therefore,
by these two characters, these two genera cannot be assigned to the Mantispidae with any confidence.
The body morphology of the Dipteromantispidae female (i.e., Dipteromantispa n. gen.) is most similar to that
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of the berothid (rhachiberothine) genus Hoelzeliella by
the posterior articulation of the forelegs to the prothorax,
the structure of profemur (no long spines), prothorax
morphology (rounded alc), and the apex of the abdomen
(the presumably paired gc7 and small hypocaudae). But,
this fossil lacks well-developed pseudohypocaudae (present in Hoelzeliella and other Rhachiberothinae). The
length of the scapus in Dipteromantispidae n. fam.
(nearly as long as wide) is plesiomorphic in Neuroptera.
In Berothidae, the scapus is usually long to very long,
rarely (Rhachiberothinae) moderately elongate (twice
longer than wide). It is possible that Dipteromantispidae
are specialized descendants of early Berothidae in which
case Dipteromantispidae n. fam. would be considered a
subfamily of Berothidae (however, available material
does not provide sufficient evidence of this).
The Berothidae is known since at least the Middle
Jurassic (see a checklist in Makarkin et al. 2011). All
species of the berothid subfamilies Rhachiberothinae
and Paraberothinae and at least one species of Mesithoninae have raptorial forelegs. The Mesithoninae occur
in the Late Jurassic to Early Cretaceous (Panfilov
1980; Ren & Guo 1996; Makarkin 1999) and the Paraberothinae only in the Cretaceous (see a review of Makarkin & Kupryjanowicz 2010; Petrulevicius et al.
2010). The reported fossil record of the Rhachiberothinae is restricted to the Cenozoic (Whalley 1983; Makarkin & Kupryjanowicz 2010).
It is also possible that Dipteromantispidae n. fam. represents specialized descendants of stem group Mantispidae þ Berothidae, as indicated by the presence of
some plesiomorphic conditions (forelegs articulated to
the prothorax posteriorly; scapus short; generalized
prothorax; forewing M and R are basally not fused,
found in one species).

Wing reduction in extant Neuroptera
Within the order Neuroptera, species with brachypterous, micropterous or apterous wings are known in the
families Coniopterygidae, Hemerobiidae, Ithonidae,
Berothidae, Dilaridae, and Nemopteridae (Oswald
1996; Pantaleoni & Letardi 1996). This reduction of
wings occurs more or less often in Coniopterygidae
and Hemerobiidae, and is very rare in other families.
Among Coniopterygidae, the hind wings in most species of Conwentzia Enderlein are brachypterous in both
sexes, and retain elements of venation. In some species
of Helicoconis Enderlein both wings are brachypterous
or entirely reduced only in the female (Meinander
1972), except for one high altitude species collected
under moss on stones at an elevation of 4183 m on
Mount Ruwenzori, where both wings are micropterous
in the male (the female is unknown) (Kimmins 1950).
In one species of Coniopteryx Curtis the female possesses brachypterous hind wings (Meinander 1972).
Among Hemerobiidae, reduction of wings is known in
both sexes, and occurs mainly in species inhabiting
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oceanic islands (several species of Micromus Rambur
from the Hawaiian Archipelago; two species of Conchopterella Handschin from the Juan Fernandez Islands) and at high elevation in mountains (two species
of Nusalala Navs from Costa Rica and Columbia at
an elevation of 2620–3350 m and 3800 m respectively)
(Zimmerman 1939, 1946, 1957; Handschin 1955; Penny & Strum 1984; Oswald 1996). The only exception is
the dimorphic Psectra diptera Burmeister, widely distributed in the Holarctic region, which includes macropterous and micropterous specimens (with hind wings
fully developed or strongly reduced respectively) (e.g.,
see MacLeod 1960). The brachyptery of Micromus
usingeri (Zimmermann) is associated mainly with cool,
dry environments at high elevations in the Island of Hawaii (Tauber et al. 2007). Both pairs of wings are absent in the female of Adamsiana curoei Penny (Ithonidae) from Honduras; the male is fully winged (Penny
1996). The flightless female of Dilar parthenopaeus
Costa (Dilaridae) from Italy has brachypterous wings
(Pantaleoni & Letardi 1996). The female of the berothid species Trichoma gracilipenne Tillyard from Australia has slightly brachypterous wings; the males are
fully winged (Aspock & Aspock 1985).
Reduction of wings in extant Neuroptera is usually
associated with flightlessness (see Oswald 1996), except for Coniopteryx species, which have brachypterous
hind wings only (Meinander 1972). In general, two
main reasons may probably cause wing reduction: extreme conditions such as cool climate or winds at high
elevation, and lack of need for flight in females, whose
wings (only hind or both) may be reduced, with the
males fully-winged.

Reduction of hind wings in Dipteromantispidae
The strong reduction of hind wings in fossil Neuroptera
is only documented in Dipteromantispidae n. fam. Judging from the structure of the dipteromantispid forewings, we can reasonably assume that they were active
fliers, as their forewings lack a secondary thickening of
the membrane, brachyptery, and other features of flightlessness (Oswald 1996). In this respect, the wings of
Dipteromantispidae n. fam. (especially Dipteromantispa
n. gen.) appear functionally more similar to those of
Diptera than of other Neuroptera, by forewing shape,
strong reduction of the venation, and modification of
hind wings to haltere-like structures. In Dipteromantispa n. gen., the haltere-like structures are not clearly
visible due to poor preservation, but they are seen to be
well developed in Mantispidiptera. It is believed that
the halteres play an important role in flight stabilization
in Diptera (Pringle 1948; Dickson et al. 2008; Fox &
Daniel 2008), an order with some of the strongest flying insects. No other insects are known to possess such
hind wing haltere-like structures, although the forewings of males in the order Strepsiptera are transformed
into pseudohalteres, morphologically similar to the hal-
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teres of Diptera (Pohl et al. 2005). We find that the reduction of hind wings in the majority of extant species
of Neuroptera and in Dipteromantispidae n. fam. could
be generated by various reasons. We can assume that in
this family the reduction of hind wings and its transformation to the haltere-like structures might have been
connected with a strengthening, not weakening of
flight. Therefore, this is a remarkable example of parallel evolution of wing structures exhibited by Dipteromantispidae n. fam. and Diptera.
In general, extreme reduction of the hind wings with
only the forewings used as functional flying organs occurs quite rarely in insects. The occurrence of this condition throughout the order Diptera is exceptional in
this respect; however, single species and genera whose
hind wings are reduced occur in almost every insect order of Pterygota. We know of only two other families
outside of the Diptera where all species are two-winged
(fully developed forewings and hind wings strongly reduced or entirely lost), the Late Permian families Permothemistidae (Megasecoptera) and Eukulojidae (Palaeodictyoptera). Other families in these two orders
have four well-developed wings (Sinitshenkova 2002).

Conclusions
The genera Mantispidiptera and Dipteromantispa
n. gen. form a monophyletic group based on the similar
structure of their raptorial forelegs, similar forewing
venation, and hind wings modified to haltere-like structures. This group cannot be confidently assigned to any
known family. Therefore, we erect the new family Dipteromantispidae n. fam. for these strongly specialized
insects, whose hind wings have been modified as small
structures resembling the halteres of Diptera. The study
of future specimens is required to resolve some outstanding issues concerning its systematic position within the Neuroptera. Currently, two scenarios appear
probable: Dipteromantispidae n. fam. might be specialized descendants of some early Berothidae, or of stem
group Mantispidae þ Berothidae. We assume that they
were likely active fliers. This is a remarkable example
of parallel evolution of these wing structures in the
Dipteromantispidae n. fam. (Neuroptera) and Diptera.
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