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a b s t r a c t

The Cretaceous lacewing family Babinskaiidae comprises nine species in seven genera, of which two new
genera and one new species are described herein: Parababinskaia elegans gen. et sp. nov. from the late
Aptian Crato Formation of Brazil, and Pseudobabinskaia gen. nov. (with the only species Pseudobabinskaia
martinsnetoi Lu et al., 2017, comb. nov.) from mid-Cretaceous Burmese amber. The reduction of the veins
AA2 and AA3 in the hind wing is an autapomorphy of the family. Babinskaiidae are most closely related
to Nymphidae, and have probably evolved as a side branch of these. The superfamily Myrmeleontoidea is
divided into two epifamilies: Nymphidoidae whose MP (or M) is long, not fused with CuA, and trichosors
are present (Nymphidae, Babinskaiidae), and Myrmeleontoidae whose MP is crossvein-like, then fused
with CuA, and trichosors are lost (Araripeneuridae, Ascalaphidae, Myrmeleontidae, Nemopteridae,
Palaeoleontidae). The aligned crossveins 1r-m and 1m-cu in the forewing is probably the only venational
autapomorphy of the Myrmeleontoidea.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The Myrmeleontoidea, which comprise the largest extant
neuropterans, include four extant families (Nymphidae, Nem-
opteridae, Ascalaphidae, and Myrmeleontidae), and three extinct
(yBabinskaiidae, yPalaeoleontidae, and yAraripeneuridae). The fossil
record shows that the superfamily diversified during the Early
Cretaceous as only onemyrmeleontoid family (i.e., Nymphidae)was
present with several genera in the Jurassic (e.g., Carpenter, 1929;
Makarkin et al., 2013; Shi et al., 2013). This early diversification is
poorly documented, but at least four families were already repre-
sentedby the endof the Barremian (i.e., Nymphidae, yBabinskaiidae,
yPalaeoleontidae, and yAraripeneuridae). The Nemopteridae are
known from the late Aptian Crato Formation of Brazil, but Mesozoic
fossils of Ascalaphidae and Myrmeleontidae are unknown.

The family Babinskaiidae is small comprising until now eight
species in five genera known from eleven specimens from the
Lower Cretaceous Crato Formation of Brazil, the Baissa locality of
in).
Siberian Russia, andmid-Cretaceous Burmese amber (Martins-Neto
and Vulcano, 1989a,b; Ponomarenko, 1992a; Martins-Neto, 1994,
1997, 1998; Makarkin, 2016b; Lu et al., 2017). The taxon was
established as a subfamily of Nymphidae by Martins-Neto and
Vulcano (1989a), and slightly later it was elevated to family level
(Martins-Neto, 1992). Babinskaiids are the smallest myrme-
leontoids, with forewings 9e12.7 mm long.

Until recently, Babinskaiidae were knownmainly from the Crato
Formation. These species were inaccurately described and need re-
examination. Unfortunately, the types and other published speci-
mens are deposited in Brazilian institutions or personal collections,
and are now inaccessible for study. However, we found and studied
two new specimens of this family from the Crato Formation in
collections in the U.S.A. and Germany. One of them belongs to a
known species, Nelia maculata Martins-Neto and Vulcano 1989b,
and the other represents a new genus and species, Parababinskaia
elegans gen. et sp. nov. Also, we re-examined the type of Baisonelia
vitimica Ponomarenko, 1992a from the Baissa locality. Unfortu-
nately, we were not able to examine any specimens of the type
genus Babinskaia Martins-Neto and Vulcano 1989a, which are
known from two incompletely preserved specimens belonging to
two species from the Crato Formation.
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Table 1
List of species of Babinskaiidae.

Species Age Locality

1 Baisonelia vitimica Ponomarenko, 1992a Barremian Baissa, Russia
2 Babinskaia formosa Martins-Neto et Vulcano, 1989a Upper Aptian Crato Formation, Brazil
3 Babinskaia pulchra Martins-Neto et Vulcano, 1989a Upper Aptian Crato Formation, Brazil
4 Neliana maculata (Martins-Neto et Vulcano, 1989b) Upper Aptian Crato Formation, Brazil
5 Neliana impolluta Martins-Neto, 1997 Upper Aptian Crato Formation, Brazil
6 Parababinskaia elegans gen. et sp. nov. Upper Aptian Crato Formation, Brazil
7 Electrobabinskaia burmana Lu et al., 2017 Upper Albian/lower Cenomanian Burmese amber, Myanmar
8 Burmobabinskaia tenuis Lu et al., 2017 Upper Albian/lower Cenomanian Burmese amber, Myanmar
9 Pseudobabinskaia martinsnetoi (Lu et al., 2017), comb. nov. Upper Albian/lower Cenomanian Burmese amber, Myanmar
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Recently, this family was discovered in Burmese amber
(Makarkin, 2016b; Lu et al., 2017). We know of seven specimens,
one of which was reported by Xia et al. (2015, fig. on p. 94), three
were described by Lu et al. (2017), and three others (undescribed
and not illustrated) are preserved in private collections (VM, pers.
obs.). These specimens have great importance for understanding
the morphology of the family. Thus, the family is currently known
from a total of 16 specimens belonging to nine species in seven
genera (Table 1).

Here, we summarize all available data on Babinskaiidae, and
analyse its morphological characters and phylogenetic
relationships.

2. Material and methods

This study is based on three specimens from the Lower Creta-
ceous Baissa locality and the Crato Formation housed in different
collections. The photographs of Baisonelia vitimica were taken by
Alexander Khramov (PIN) using a Leica M165 stereomicroscope
with an attached Leica DFC 425 digital camera; of Neliana maculata
by SW using a Leica M165 stereomicroscope with an attached Leica
DFC 495 digital camera and a Leica MZ12.5 stereomicrosсope with
an attached Nikon D300 camera, and of Parababinskaia elegans by
M. Jared Thomas (INHSP) using a Canon 5D Mark III DSLR camera
with Canon MP-E 65 mm 1e5� macro lens mounted on a Cognisys
StackShot automated focus stacking rail. The photomicrograph
shown in Fig. 4 was produced by M. Jared Thomas using a Zeiss
SteREO Discovery.V8 zoom stereomicroscope. Line drawings were
prepared by VM using Adobe Photoshop CS3.

The venational terminology in general follows Kukalov�a-Peck
and Lawrence (2004) as modified by Yang et al. (2012, 2014). Ter-
minology of wing spaces and details of venation (e.g., veinlets,
traces) follows Oswald (1993). Terminology of genitalia follows
Asp€ock and Asp€ock (2008).

Abbreviations: AA1eAA3, first to third anterior anal vein; CuA,
anterior cubitus; CuA1, proximal-most branch of CuA; CuP, poste-
rior cubitus; MA and MP, anterior and posterior branches of media;
MA1, MP1, proximal-most branches of MA andMP, respectively. RA,
anterior radius; RP, posterior sector; RP1, proximal-most branch of
RP; ScA, subcosta anterior.

Institutional abbreviations: INHSP, Illinois Natural History Sur-
vey Paleontology Collection, Urbana-Champaign, Illinois, U.S.A.;
PIN, Palaeontological Institute of the Russian Academy of Science,
Moscow, Russia; SMNS, Staatliches Museum für Naturkunde,
Stuttgart, Germany.

3. Localities

The family Babinskaiidae is known from only three Cretaceous
localities (or groups of localities): Baissa, the Crato Formation and
Burmese amber.
The Baissa locality is situated in southern Siberia (western
Transbaikalia), ca. 45 km WNW of Romanovka Village in Buryat
Republic, Russia [53�17058.3700N 112� 506.9500E]. This is a long (up
to 1 km) river cliff on the left bank of the Vitim River ca. 10 km
below the mouth of the Baissa River. The deposits belong to the
Zaza Formation, the age of which is disputed. It is thought to be
contemporaneous with the Yixian Formation of north-eastern
China, with the age being Barreman/Aptian based on the flora
(Vakhrameev and Kotova, 1977; Bugdaeva, 2010; Bugdaeva and
Markevich, 2012). Other authors consider the Zaza Formation to
be pre-Barremian (Zherikhin et al., 1999) or Hauterivian/early
Barremian based on ostracods (Skoblo and Lyamina, 1986) and
the Neuroptera assemblage (Makarkin et al., 2012). In this paper,
the age of the Zaza Formation is tentatively considered as
Barremian.

The Crato Formation is a well-known Lagerst€atte famous for its
Early Cretaceous biota located in north-eastern Brazil (see Martill
et al., 2007, fig. 2.5). The majority of fossils are found in the finely
laminated limestones of the basal Nova Olinda Member, which
were deposited in a hypersaline lake or lagoon close to marine
environments (Martill et al., 2007; Warren et al., 2017). The pre-
served plants and animals indicate the predominance of semi-arid
to arid climatic conditions in the surrounding area (Menon and
Martill, 2007; Mohr et al., 2007; Heimhofer et al., 2010). The age
is generally accepted as late Aptian based on the flora and fauna
(Martill and Heimhofer, 2007).

Burmese amber originates mainly from the Hukawng Valley in
the state of Kachin in northern Myanmar. A map of this valley is
given by Grimaldi et al (2002, fig. 1). The biological inclusions of
Burmese amber represent a sample of a tropical forest community
in equatorial southeastern Asia at ~12oN paleolatitude (Grimaldi
et al., 2002; Poinar et al., 2008). The age is currently considered
to be late Albian/early Cenomanian. The volcaniclastic matrix of the
amber is estimated as ~98.79 ± 0.62 million years old, i.e., earliest
Cenomanian (Shi et al., 2012), but the amber is considered to be
slightly older, probably latest Albian, as some its pieces bear
obvious features of redeposition (Ross, 2015; Grimaldi, 2016).
4. Systematic palaeontology

Order Neuroptera Linnaeus, 1758
Superfamily Myrmeleontoidea Latreille, 1802

Diagnosis. Large tomedium-sized Neuroptera, with elongatewings;
relatively narrow costal space; ScP and RA distally fused; ScP þ RA
entering margin after wing apex. Basal aligned crossveins between
R, M, and M, Cu present in forewing. M forked very near wing base,
and CuP fused with AA1 for some distance in hind wing.
Families included. Nymphidae (Middle Jurassic to Recent),
yPalaeoleontidae (Barremian to Coniacian), yAraripeneuridae (Bar-
remian to late Albian/earliest Cenomanian), yBabinskaiidae



Fig. 1. Baisonelia vitimica Ponomarenko, 1992a, holotype PIN 3064/2420. A, specimen as preserved. B, hind wing venation (both converted to right dorsal view). Scale bar represents
1 mm (both to scale).

Fig. 2. Parababinskaia elegans gen. et sp. nov., holotype INHSP 1508; specimen as preserved (wetted with ethanol). Scale bar represents 2 mm.
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(Barremian to late Albian/earliest Cenomanian), Nemopteridae
(late Aptian to Recent), Myrmeleontidae (early Eocene to Recent),
and Ascalaphidae (early Eocene to Recent).
Remarks. The aligned crossveins 1r-m and 1m-cu in the forewing is
probably the only venational autapomorphy of the Myrme-
leontoidea. This condition however, is not complete in Babinskaii-
dae, i.e., only 1m-cu is present, and 1r-m is lost (probably
secondarily).

Epifamily Nymphidoidae Rambur, 1842, stat. nov.

Diagnosis. Myrmeleontoids with elongate, filiform antennae; tri-
chosors present, and numerous along posterior margin of wings
(i.e., several weak, setiferous thickenings between the tips of two
veins); MP (or M) long, not fused with CuA in forewing.
Families included. Nymphidae and yBabinskaiidae.
Family Babinskaiidae Martins-Neto and Vulcano, 1989
Type genus: Babinskaia Martins-Neto and Vulcano, 1989a.

Revised diagnosis. Small myrmeleontoids (forewings 9e12.7 mm
long) with the following combination of character states: antennae
longer than half of forewing length, with elongate stout scapus. In
both wings, several presectoral crossveins present; RP originating
very far from wing base; multiple trichosors present along costal
and hind margins. In the forewing, 1r-m lost; M single, pectinately



Fig. 3. Parababinskaia elegans gen. et sp. nov., wing venation of the holotype INHSP
1508. A, right forewing; B, left forewing; C, right hind wing; D, left hind wing (wings
converted to standard view, with apex to the right). Scale bar represents 2 mm (all to
scale).
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branched distally; not fused with CuA. CuA very long, strongly
pectinate; CuP pectinate or slightly pectinate; AA1 forked or sim-
ple; AA2, AA3 simple. In the hind wing, MA pectinate; MP strongly
pectinate; CuA pectinate to slightly pectinate. CuP, AA1 simple
distad fusion or entirely fused with one another in simple vein;
AA2, AA3 reduced.
Genera included. Baisonelia Ponomarenko, 1992a from the Barre-
mian Zaza Formation (Transbaikalia, Russia); Babinskaia Martins-
Neto and Vulcano, 1989a, Neliana Martins-Neto, 1992, and Para-
babinskaia gen. nov. from the late Aptian Crato Formation (Brazil);
Burmobabinskaia Lu et al., 2017, Electrobabinskaia Lu et al., 2017 and
Pseudobabinskaia gen. nov. from the latest Albian/earliest Cen-
omanian Burmese amber.
Remarks. The reduction of AA2 and AA3 in the hind wing is a clear
autapomorphy of the family, and the loss of the basal crossvein 1r-
m in the forewing is a possible autapomorphy (see below for
details).
Fig. 4. Parababinskaia elegans gen. et sp. nov., holotype INHSP 1508. Posterior margin of
0.2 mm.
Genus Baisonelia Ponomarenko, 1992
Type and only species: Baisonelia vitimica Ponomarenko, 1992a, by
original designation.

Revised diagnosis. In hind wing, RP originating at level of termina-
tion of CuP [much distad in Neliana]; RP with four branches [three
in Pseudobabinskaia; five or more in other genera (unknown in
Babinskaia)]; CuAwith four branches [one in Burmobabinskaia; two
in Neliana; five in Electrobabinskaia, Parababinskaia]; three cross-
veins between stem of RP, M [two in Neliana, Electrobabinskaia;
four-five in Parababinskaia]; one crossvein in radial space in outer
gradate series [three in Parababinskaia and (probably) Electro-
babinskaia; absent in other genera].
Remarks. The hind wing of Babinskaia is known fragmentarily, and
the characters included in the diagnosis are unclear. Of other
genera, the hind wing of Baisonelia is most similar to that of Elec-
trobabinskaia; and may be distinguished from it (and other genera)
by the combination of venation character states. The validity of the
genus, however, should be confirmed by examination of additional
characters as soon as a more complete specimen is available.

Baisonelia vitimica Ponomarenko, 1992
Fig. 1

1992a Baisonelia vitimica Ponomarenko, p. 48.

Material. Holotype PIN 3064/2420, deposited in PIN. A relatively
well-preserved, almost complete hind wing.
Locality and horizon. Russia: Transbaikalia: Baissa locality (layer
unknown). Lower Cretaceous: Barremian (Zaza Formation).
Redescription of the holotype. Hind wing elongate, ca. 9.2e9.4 mm
long, ca. 2.5 mm wide (estimated). Trichosors not detected. Costal
space narrow, with subcostal veinlets simple, straight, widely
spaced and slightly oblique. Veinlets of ScP þ RA poorly preserved,
at least some of them probably forked. No subcostal crossveins
detected. RA space broad basally, narrowed distad; with four long
crossveins proximad fusion of ScP, RA, and one short distal cross-
vein distad fusion of ScP, RA. Hypostigmal cell long. RP originating
approximately at 0.35 of wing length. Anterior trace of RP
zigzagged, shallowly forked apically; with four branches, shallowly
forked apically (RP4 simple). Four crossveins detected in radial
space: one between RP1, anterior trace of RP; two between RP1,
RP2; and one between RP2, RP3. In radiomedial space, at least one
presectoral crossveins; three crossveins connecting stem of RP, M;
and four crossveins connecting RP1, M. Origin of M not preserved,
probably not fused with R. Basal forking of M into MA and MP not
preserved, probably very near wing base judging from preserved
venation. Anterior traces of MA nearly straight, shallowly forked
distally; with six distal pectinate branches: MA1 deeply forked
connecting with MA2 with crossvein; MA2, MA3, MA6 simple;
MA4, MA5 shallowly forked. Anterior trace of MP straight basally,
slightly zigzagged distally, with six pectinate branches not
the right hind wing showing single (str) and multiple trichosors (mtr). Scale bar represents
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connected by crossveins. Several (eight detected) widely spaced
crossveins in intramedial space. Origin of Cu and its division into
CuA and CuP not preserved. CuA pectinate, with two four simple
branches. At least four crossveins detected in cubitoanal space. CuP,
anal veins not preserved.

Genus Parababinskaia gen. nov.
Type and only species: Parababinskaia elegans sp. nov.

Derivation of name. From the Greek para, beside, near, and Babin-
skaia, a genus-group name.
Diagnosis. In forewing, RP originating slightly distad termination of
CuP [much more distad in Neliana]; four-five crossveins between
stem of RP, M [three in Babinskaia; Electrobabinskaia, Pseudoba-
binskaia; two-three in Neliana; one in Burmobabinskaia]; six
branches of RP [three-four in Babinskaia, Pseudobabinskaia; five in
Neliana; eight in Electrobabinskaia]. In hind wing, RP originated
slightly distad termination of CuP [much more distad in Neliana];
four-five crossveins between stem of RP, M [two in Neliana, Elec-
trobabinskaia, Pseudobabinskaia; three in Baisonelia]; five branches
of RP [three in Pseudobabinskaia; four in Baisonelia; eight in Elec-
trobabinskaia]; three crossveins in radial space in outer gradate
series [absent in Neliana, Pseudobabinskaia; one on Baisonelia]; CuA
with five branches [one in Burmobabinskaia; two in Neliana; four in
Baisonelia].
Remarks. The venation of the new genus is most similar to that of
Electrobabinskaia and Baisonelia, and may be distinguished from
these (and other genera) by its combination of wing character
states (see above). Two other genera of Crato babinskaiids, Babin-
skaia and Neliana, differ from Parababinskaia gen. nov. by a more
simple venation (i.e., fewer branches and crossveins).

Parababinskaia elegans sp. nov.
Figs. 2e4

Derivation of name. From the Latin elegans, elegant, graceful, fine.
Material.Holotype INHSP 1508. An almost complete specimen, with
fore- and hind wings overlapping pairwise. The forewing venation
is hardy visible, but the venation of the hind wings is well
preserved.
Locality and horizon. Northeastern Brazil: Chapada do Araripe
(precise locality unknown). Lower Cretaceous: upper Aptian (Crato
Formation: Nova Olinda Member).
Description. Head transverse, with large eyes; slightly wider than
mesothorax. Antennae filiform; scapus, pedicellus poorly visible;
flagellum consists of nearly quadrate flagellomeres. Prothorax very
short. Legs not preserved (only their basal portions visible).
Abdomen completely, but very poorly preserved (ca. 7 mm long);
details of terminal segments unclear (sex unknown).

Forewing elongate with sub-acute apex, ca. 12.0e12.3 mm long,
3.3 mm wide. Trichosors single along apical margin; multiple tri-
chosors (up to five between veins) along costal (apically), posterior
margins; no trichosors detected along proximal part of costal
margin. Costal space narrow proximad fusion of ScP, RA, slightly
dilated thereafter. Most subcostal veinlets simple, several distal
ones forked once to twice near margin; relatively close spaced
basally, rather widely spaced medially, close spaced and strongly
curved distally. ScP þ RA entering margin beyond wing apex; its
branches poorly preserved. No subcostal crossveins detected. RP
originating far from wing base, at 0.36 of wing length; its anterior
trace zigzagged. RA space broad basally, narrow distally, with three
preserved crossveins proximad fusion of ScP, RA (estimated total
number of crossveins is four in right wing, and five in left); no
preserved crossveins detected distad fusion of ScP, RA. RP with six
branches, most of these forked; RR1 originating far from origin of
RP; one long crossvein in radial space connecting RP1, RP2, and two
preserved short crossveins forming outer series. In radiomedial
space, six presectoral crossveins in right wing, three preserved
crossveins in left wing; four preserved crossveins connecting stem
of RP, M in right wing (total number probably five), three preserved
crossveins in left wing (total number probably four); and two
crossveins connecting RP1, M in right wings, three in right wing. M
almost straight, with four-five pectinate branches distally. At least
10 crossveins between M, CuA. Anterior trace of CuA long, slightly
zigzagged, almost parallel to M and hind margin, with 10 pectinate
simple branches (except one, which is deeply forked in right wing);
basal branches connected by two crossveins. At least three cross-
veins between CuA, CuP; distal crossvein together with those be-
tween branches of CuA form short gradate series. CuP with at least
three pectinate branches. Anal veins not preserved.

Hind wing elongate with acute apex; 11.4 mm long, 2.7 mm
wide. Trichosors as in forewing. Costal space narrow. Subcostal
veinlets simple; relatively closely spaced basally, rather widely
spaced medially, closely spaced and strongly curved distally.
ScP þ RA entering margin at or slightly beyond wing apex; its
veinlets strongly curved, mostly shallowly forked. No subcostal
crossveins detected. RA space broad basally, narrowed distad; with
six long crossveins proximad fusion of ScP, RA in right wing, seven
in left wing; and one short distal crossvein distad fusion of ScP, RA.
Hypostigmal cell long. RP originating far fromwing base, at 0.37 of
wing length. Anterior trace of RP zigzagged, shallowly forked
apically; with six branches in right wing, five branches in left wing;
RP1 originating far from origin of RP, twice forked distally; RP2 once
shallowly forked; other branches simple. Four crossveins in radial
space: one long between RP1, RP2; two short between RP1, RP4
forming outer gradate series. In radiomedial space, four presectoral
crossveins; five crossveins connecting stem of RP, M in right wing,
four in left wing; and two crossveins connecting RP1, M in right
wing, three in left wing. M forked very basally. Anterior trace of MA
straight, shallowly forked distally; with five pectinate, shallowly
forked branches, except distal-most which is simple. Anterior trace
of MP slightly incurved, shallowly forked distally; with 10e11
pectinate, simple long branches, not connected by crossveins. Nine
(left wing) to ten (right wing) crossveins in intramedial space. Five
(left wing) to six (right wing) preserved crossveins in mediocubital
space. CuA pectinate, with five simple branches. One incomplete
crossvein detected in intracubital space. Only basal part of CuP
preserved. Crossvein between CuA, CuP (icu) connects basal-most
branches of CuA (left wing). Anal veins not preserved.

Genus Neliana Martins-Neto, 1992
1989b Nelia Martins-Neto and Vulcano, p. 316 [nomen praeoccu-

patum, non Nelia Hayward, 1953: 44 (Lepidoptera:
Satyridae)].

1992 Neliana Martins-Neto, pp. 118 [nomen novum pro Nelia
Martins-Neto and Vulcano, 1989b].

Type species: Nelia maculata Martins-Neto and Vulcano 1989b, by
original designation.

Revised diagnosis. In both wings, RP originating far distal to termi-
nation of CuP; two crossveins between stem of RP, M; no crossveins
in radial space in outer gradate series. In forewing, RP with five-six
branches. In hind wing, RP with three to five branches; CuP with
two pectinate branches.
Species included. Neliana maculata (Martins-Neto and Vulcano,
1989) and N. impolluta Martins-Neto, 1997 from the Crato
Formation.
Remarks. The genus is clearly distinguished from other genera of
the family by the very distal origin of RP.

Neliana maculata (Martins-Neto and Vulcano, 1989)
Figs. 5e8



Fig. 5. Neliana maculata (Martins-Neto and Vulcano, 1989b); male specimen SMNS 66000/257 as preserved (in dry condition). Scale bar represents 2 mm.

V.N. Makarkin et al. / Cretaceous Research 78 (2017) 149e160154
1989b Nelia maculata Martins-Neto and Vulcano, p. 316;
2007 Chrysopidae: Martins-Neto et al., fig. 11-69;
2016a An undescribed species of Babinskaiidae: Makarkin, fig. 5d.

Material examined. Specimen SMNS 66000/257. A complete and
well-preserved specimen exposed in ventral aspect with all wings
outspread (right hind wing is longitudinally folded up).
Locality and horizon. Brazil: Chapada do Araripe (precise locality
unknown). Early Cretaceous: upper Aptian (Crato Formation: Nova
Olinda Member).
Fig. 6. Neliana maculata (Martins-Neto and Vulcano, 1989b), specimen SMNS 66000/257. Pro
preserved in ventral aspect). Scale bars represent 1 mm.
Diagnosis. RP in both wings with fiveesix branches [two-three
branches in N. impolluta].
Description of the specimen SMNS 66000/257. Head transverse (in
ventral view), 1 mm long, 2 mm wide; slightly wider that meso-
thorax. Eyes relatively large. Antennae 9 mm long (left antenna
probably complete); scapus stout, elongate; pedicel much thinner
than scapus, elongate; flagellum consists of 53 short flagellomeres.
Prothorax very short. Only right metafemur completely preserved,
2 mm long. Abdomen ca. 6.5 mm long, visible in ventral view.
Eighth sternite relatively narrow. Ninth sternite large, nearly
ximal part of wings (wetted with ethanol). A, right wings. B, left wings (the specimen is



Fig. 7. Neliana maculata (Martins-Neto and Vulcano, 1989b), specimen SMNS 66000/257. Distal part of abdomen (wetted with ethanol), ventral view. ect, ectoptoct; S8, S9, 8th and
9th sternite; T9, 9th tergite. Scale bar represents 1 mm.
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rounded in ventral view. Ectoprocts elongate, far extending beyond
9th sternite.

Forewing elongate with sub-acute apex, 12.7 mm long, 3.4 mm
wide. Trichosors absent along proximal parts of costal, posterior
margins; single along apical margin; multiple along distal parts of
costal, posterior margins. Costal space relatively narrow proximad
fusion of ScP, RA, dilated thereafter. Subcostal veinlets simple,
widely spaced in proximal two-thirds; closely spaced, strongly
Fig. 8. Neliana maculata (Martins-Neto and Vulcano, 1989b), wing venation of the
specimen SMNS 66000/257. A, left forewing; B, right forewing. C, left hind wing. D,
right hind wing (wings converted to standard view, with apex to the right). Scale bar
represents 2 mm (all to scale).
curved with one-two short branches distally; stouter in pter-
ostigmal region. ScP in pterostigmal region pale, poorly visible;
probably fused with RA, but this fusion poorly visible. Presumed
ScP þ RA entering margin slightly after wing apex; its branches
(eight-nine in number) mainly once forked; no crossveins between
them detected. Subcostal space relatively broad; no crossveins
detected. RA space broad basally, narrow distally; with three
crossveins proximad fusion of ScP, RA, no crossveins detected dis-
tad fusion. RP originating very far fromwing base, exactly at half of
wing length; its anterior trace zigzagged, with five branches; RR1
originating relatively close to origin of RP, dichotomously forked
distally; all other branches deeply forked (except one distal in right
wing); only one long crossvein in radial space connecting RP1, RP2.
In radiomedial space, five presectoral crossveins in left wing, six in
right wing; two crossveins connecting stem of RP, M in left wing,
three in right wing; and three crossveins connecting RP1, M.
Anterior trace of M slightly arched, with three pectinate branches in
left wing (proximal-most branch pectinate with two branches;
other branches shallowly forked), four branches in right wing (all
forked). Eleven-third crossveins between M, CuA. Anterior trace of
CuA long, slightly zigzagged distally, almost parallel to hindmargin,
with 11e12 pectinate simple branches except distal-most, which is
deeply forked; four basal-most branches connected by three
crossveins forming gradate series. Three crossveins between CuA,
CuP; distal crossvein continues gradate series between branches of
CuA. CuP with one (left wing), two pectinate branches (right wing).
AA1 deeply forked. One distal crossvein between CuP, AA1 connects
CuP proximad forking, anterior branch of fork of AA1. AA2, AA3
rather long, simple. Nearly aligned crossveins between AA1, AA2,
and AA2, AA3.

Hind wing elongate, with pointed apex, 11.7 mm long, 2.8 mm
wide. Trichosors absent along proximal parts of costal, posterior
margins; single along apical margin; multiple along distal parts of
costal, posterior margins. Costal space narrow proximad fusion of
ScP, RA, slightly dilated after. Subcostal veinlets simple, widely
spaced in proximal two-thirds; closely spaced, strongly curvedwith
one-two short branches distally. ScP poorly visible in pterostigmal
region, probably fused with RA. Presumed ScP þ RA entering wing
margin slightly after apex. No subcostal crossveins detected. RA
space in general as in forewing, with two crossveins proximad
fusion of ScP, RA, one short distad fusion; hypostigmal cell long. RP
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originating very far from base, at 0.44 of wing length; its anterior
trace zigzagged, rather deeply forked apically; with five pectinate
branches; RP1 originating relatively close to origin of RP, twice
forked distally; all other branches deeply forked (except one distal,
which is simple); only one long crossvein in radial space connecting
RP1, RP2. In radiomedial space nine crossveins, of these four pre-
sectoral; two connecting stem of RP, M, and three connecting RP1,
M. Origin of M poorly preserved, forked into MA and MP probably
very near wing base. Anterior trace of MA straight, with five
pectinate branches (all shallowly forked); MA1, MA2 connect with
crossvein. MP long, slightly incurved, somewhat zigzagged distally;
with nine simple branches (except two forked distal in left wing),
not connected by crossveins. In intramedial space at least eight
crossveins, of these distal-most short. At least three crossveins
between MP, CuA. CuA pectinate, with two simple, widely spaced
branches. CuP short, simple; fused for short distance with AA1. One
crossvein between CuA, CuP. AA1 very short, simple. AA2, AA3 not
detected.

Remarks. A total of four specimens from the Crato Formation are
assigned to this species, including the specimen described herein.
The holotype is an almost complete specimen in dorso-lateral
aspect from the vicinity of Santana do Cariri (Martins-Neto and
Vulcano, 1989b). Two other specimens are an almost complete
specimen from Mina Pedra Branca (assigned to this species by
Martins-Neto, 1994), and an incomplete specimen fromMina Pedra
Branca (assigned to this species by Martins-Neto, 1998).

The holotype is thought to have conspicuous colour pattern on
the wings (see Martins-Neto, 1992, fig. 17A). However, this drawing
shows that left and right wings have strongly dissimilar patterns.
Wings of other specimens assigned to this species do not have such
a colour pattern (see Martins-Neto, 1994, pl.1B, C; Martins-Neto,
1998, pl. 1A, B). The specimen SMNS 66000/257 also lacks a
distinct pattern (Fig. 5). So, the colour pattern of the holotype may
be false.

Genus Pseudobabinskaia gen. nov.
Type only species species: Babinskaia martinsnetoi Lu et al., 2017.

Derivation of name. From the Greek pseudos, false, and Babinskaia, a
genus-group name.
Diagnosis. In both wings, RP originating slightly distal to termina-
tion of CuP; three crossveins between stem of RP, M; no crossveins
in radial space in outer gradate series. In forewing, four branches of
RP; branches of CuA short; AA1 simple. In hind wing, three
branches of RP; branches of MP short; CuP with very three short
pectinate branches; AA2, AA3 distally fused.

Pseudobabinskaia martinsnetoi (Lu et al., 2017), comb. nov.
Babinskaia martinsnetoi Lu et al., 2017, p. 15.

Material. Holotype PCXJ BA-0006, currently deposited in the
Entomological Museum, China Agricultural University, Beijing, and
will eventually be deposited in the Three Gorges Entomological
Museum, Chongqing (according to Lu et al., 2017). A complete fe-
male specimen in amber.
Locality and horizon. Myanmar: Burmese amber (Hukawng Valley).
Lower Cretaceous: upper Albian/Upper Cretaceous: lowest
Cenomanian.
Remarks. The assignment of this species to the genus Babinskaia is
erroneous. It differs from species of Babinskaia by the simple AA1 in
the forewing (AA1 is deeply forked in Babinskaia; see Martins-Neto
and Vulcano, 1989a, fig. 8B). In this respect, Pseudobabinskaia gen.
nov. is similar to other Burmese amber babinskaiids in having the
simple AA1, and Babinskaia is similar toNeliana in having the forked
AA1 (Fig. 8A, C). Also, the branches of CuA in the forewing and the
branches of MP in the hind wing are relatively short in Pseudoba-
binskaia gen. nov.; those in other genera are markedly longer (see
Lu et al., 2017, fig. 1b). Finally, AA2 is distally fused with AA3 in the
forewing of this species, whereas these veins (when preserved) in
other genera are separate.
5. Discussion

5.1. Comparative characteristics of the wing venation of
Babinskaiidae

The family Babinskaiidae is a rather homogeneous taxon, whose
species differ mainly in small details of the venation (and by
genitalia where these are known). The oldest known species, Bai-
sonelia vitimica from the Barremian of Transbaikalian Russia, does
not principally differ from the youngest known taxa, from the latest
Albian/earliest Cenomanian Burmese amber.

5.1.1. Trichosors
In Babinskaiidae, trichosors are single along the apical margin

and multiple along distal parts of the costal and posterior margins
in the fore- and hind wings (Fig. 4; see Makarkin, 2017 for types of
trichosors). Similar trichosors are present in Nymphidae e single
along the apical margin, and multiple along the posterior margin
(see Archibald et al., 2009, fig. 2; Shi et al., 2013, fig. 5). All other
myrmeleontoid taxa lack trichosors (except for the genera Cra-
tosmylus Myskowiak et al., 2015 and Araripenymphes Menon et al.,
2005 from the Crato Formation whose systematic position is un-
clear (see below). The presence of trichosors is one of most striking
autapomorphies of Neuroptera, and a plesiomorphic state within
the order.

5.1.2. Distal ScP þ RA
ScP þ RA entering the margin after the wing apex as found in

Babinskaiidae is characteristic of all Myrmeleontoidea. This con-
dition occurs also in the chrysopoids, i.e., some Chrysopidae (e.g.,
the Mesozoic Limaiinae) and Ascalochrysidae. In Mesochrysopidae,
ScPþ RA enters themargin usually at thewing apex. Therefore, this
character state is a putative synapomorphy of Myrmeleontoidea þ
Chrysopoidea (see Yang et al., 2012, fig. 32).

5.1.3. Origin of RP
The distal origin of RP from the wing base as found in Babin-

skaiidae also occurs in Nemopteridae (only forewings), and some
Myrmeleontidae and Ascalaphidae. This is a clear apomorphic state
in the order. Generally, the distal origin of RP is characteristic of the
majority of Araripeneuridae, Myrmeleontidae, and Ascalaphidae.
However, this condition in these groups may not be considered
necessarily apomorphic within the order, as in most Permian Per-
mithonidae RP clearly originates distally from the wing base (see
e.g., Vilesov, 1995, fig. 2b; Novokshonov, 1996, fig. 5). RP originates
near the wing base in Nymphidae and Palaeoleontidae. Again, this
condition is not necessarily plesiomorphic in the order as it rarely
occurs in Permian Neuroptera.

5.1.4. Presectoral crossveins
These crossveins connect R andM proximad the origin of RP and

distal to the basal oblique crossvein 1r-m (the latter is absent in
Babinskaiidae). In the Myrmeleontoidea, they are characteristic of
both wings of Babinskaiidae, Myrmeleontidae and Ascalaphidae,
and the forewings of Nemopteridae. Most Araripeneuridae lack
these crossveins, whichwere nevertheless detected in a few species
(e.g., Martins-Neto, 1994, fig. 2E; 2003, figs. 1B, 2D). Presectoral
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crossveins are absent in Nymphidae and Palaeoleontidae due to the
origin of RP close to the wing base. In other Neuroptera, several
presectoral crossveins may only be found in Kalligrammatidae and
Aetheogrammatidae, although RP usually originates close to the
wing base in these families, which are generally characterized by
numerous and closely spaced crossveins.

5.1.5. Interrelation between M and CuA in the forewing
TheM of Babinskaiidae is single, not dividing into a longMA and

MP. Martins-Neto (2003, 2005) believed that MP and CuA are fully
fused in Babinskaiidae, like in higher Myrmeleontoidea (e.g., Myr-
meleontidae, Ascalaphidae). However, the basal part of MP (‘obli-
que vein’) is not detectable in any species of Babinskaiidae.
Moreover, the CuA space has a structure that is unlike that of the
MP þ CuA space in higher Myrmeleontoidea. So, there is no evi-
dence for the fusion of M and CuA in Babinskaiidae.

In Nymphidae, M is deeply forked distal to the origin of RP in
most extant species, but single (or shallowly forked) in many spe-
cies in four genera (of seven): two species of Nymphes Leach, 1814,
and all species of Austronymphes New, 1982, Umbranymphes New,
1988 and Myiodactylus Brauer, 1866 (New, 1982, 1988). The
configuration of M in these species is generally similar to that of
Babinskaiidae. Noteworthy, however, that M is deeply forked
proximad the origin of RP in all known fossil species of Nymphidae.
In no species of Nymphidae is M fused with CuA.

5.1.6. CuA in the forewing
The pectinate CuA in Babinskaiidae is most similar to that of

Nymphidae, especially to that of the Early Cretaceous genus Bais-
soleon Makarkin, 1990, whose two species are relatively small in
size (see Makarkin, 1990, fig. 1; Shi et al., 2015, fig. 11). In this genus,
the branches of CuA are widely spaced and simple, and the prox-
imal branches are connected by a crossvein, a configuration very
similar to that found in all Crato genera of Babinskaiidae (see Figs. 3,
8; Martins-Neto and Vulcano, 1989a, figs. 8A, B). The branches of
CuA in the Burmese amber genus Electrobabinskaia are longer,
closely spaced and shallowly forked. This configuration is some-
what similar to that of some other Nymphidae (e.g., Shi et al., 2013,
fig. 8). In other myrmeleontoids CuA is fused with MP.

5.1.7. CuP in the forewing
The configuration of CuP in the forewing of Babinskaiidae is

hardly determined with certainty as its distal part is strongly
zigzagged and continues in a gradate series between the branches
of CuA. In general, this state is most similar to that of Nymphidae.
CuP in Babinskaia and Neliana is pectinate, but with only one or two
branches, a condition most similar to that of the Early Cretaceous
nymphid genus Baissoleon (one branch). CuP in other babinskaiids
is strongly pectinate (more than four branches), as in all nymphid
species. The strongly pectinate CuP is also characteristic of most
Osmylidae, Psychopsidae, and other Myrmeleontoidea. However,
the configuration of CuP (or CuPþAA1) in these is dissimilar to that
of Babinskaiidae in that CuP is not zigzagged and does not continue
in a gradate series between the branches of CuA.

5.1.8. M in the hind wing
M dividing into MA and MP very close to the wing base is charac-

teristic of all Myrmeleontoidea. A common basal stem of M is usually
absent or very short. M is forked very proximally also in the osmylid
clade (i.e., inOsmylidae, Saucrosmylidae, andGrammolingiidae), but a
common basal stem of M is always rather long in Osmylidae.

5.1.9. Interrelation between CuP and AA1 in the hind wing
CuP is basally crossvein-like and then fused for some distance

with AA1 in the hind wing in almost all Myrmeleontoidea. This is
also true for those fossil species in which the basal part of the hind
wing is well preserved. e.g., the nymphid Sialium sinicus Shi et al.,
2015 (Shi et al., 2015, fig. 13c); the palaeoleontid Baisopardus
banksianus Ponomarenko, 1992 (Ponomarenko, 1992a, fig. 5a); the
araripeneurid Burmaneura minuta Huang et al., 2016 (Huang et al.,
2016, fig. 3B). This interrelation between CuP and AA1 can also be
seen in Babinskaiidae (Fig. 8D). In Burmese amber babinskiids, the
distal parts of CuP and AA1 are entirely fused (Lu et al., 2017, figs.1b,
3c, 5c). The only documented exception is some extant Palparinae
(Myrmeleontidae), in which these veins are separate.

Similar interrelation between CuP and AA1 occurs in the chrys-
opid Mesochrysopidae and Ascalochrysidae (see Ponomarenko,
1992a, fig. 4b; Ren and Makarkin, 2009, fig. 3). Ren and Makarkin
(2009) interpreted CuP being nearly completely reduced in these
families (except a basal crossvein-like remnant). However, this may
also be treated as the distal part of CuP entirely fused with AA1, as in
the Burmese amber Babinskaiidae.

Moreover, CuP and AA1 are partially fused (or at least touch) in
the hind wing of many Chrysopidae of different subfamilies (see for
example Tjeder, 1966, figs. 784e786, 805; Adams, 1967, fig. 1). In
particular, these veins are fused in Leptochrysa prisca Adams and
Penny, 1992a (see Adams and Penny, 1992a, fig. 10; Adams and
Penny, 1992b, fig. 11). This species is assumed to be a single
extant representative of the mostly Mesozoic subfamily Limaiinae
(Makarkin and Archibald, 2013). In other Chrysopidae, CuP and AA1
are connected by a very short crossvein.

The partial fusion of CuP and AA1 in the hind wing may be
considered a putative synapomorphy of the clade Myrmeleontoi-
dea þ Mesochrysopidae þ Ascalochrysidae (see Yang et al., 2012,
fig. 32). In this case, the fully separate CuP and AA1 in Palparinae is
probably a reversal, not a primary (plesiomorphic) state.

5.1.10. Anal veins in the hind wing
Three anal veins are plesiomorphically present in Neuroptera,

but only one (short AA1 fused with CuP) is detected in Babin-
skaiidae. This condition is visible in the Burmese amber species (Lu
et al., 2017, figs. 1B, 3B, 5C). The hind wing anal region in the
examined specimen of Neliana maculata is most well preserved
among impression fossil babinskaiids. In this specimen, an area
posterior to AA1 is so small that the loss of AA2 and AA3 is the most
probable assumption (Fig. 6A). The presence of AA1, which then is
fused with CuP, is characteristic of all Myrmeleontoidea (see
above). AA2 and AA3 are present in all Myrmeleontidae (see Riek,
1967, figs. 5B, D, E, F) and Nymphidae, including those Mesozoic
species which have well-preserved basal parts of the hind wing
(see Ponomarenko, 1992a, fig. 1b; Shi et al., 2015, fig. 13c). In
Ascalaphidae, AA2 and AA3 are “more or less reduced and fused
with one another” (Tjeder, 1992, p. 25). In Araripeneuridae, short
AA2 and AA3 veins are detected in the Burmese amber Burmaneura
minuta (Huang at al., 2016, fig. 4B). Anal veins are poorly preserved
in all known Palaeoleontidae, but it appears that at least a short,
simple AA2 is present (see Ponomarenko, 1992a, fig. 5a). The hind
wings of Nemopteridae are strongly specialized, and their anal
veins are not detectable.

Therefore, the reduction of AA2 and AA3 is a putative autapo-
morphy of Babinskaiidae. The same condition in some Ascalaphidae
has certainly evolved independently, as their venation is most
similar to that of Myrmeleontidae, which is distantly related to
Babinskaiidae.

5.1.11. Male genitalia
The male terminalia of the examined Crato Formation Neliana

maculata are rather plesiomorphic, with a large 9th sternite and
well-developed ectoprocts (Fig. 7). These are probably similar to
those of the Burmese amber Burmobabinskaia tenuis Lu et al., 2017 if
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seen in ventral view (Lu et al., 2017, figs. 2F, G). However, the 9th
sternite of Electrobabinskaia burmana Lu et al., 2017 is smaller, but
the ectoprocts are larger (Lu et al., 2017, figs. 4C, D). Inner genitalic
structures are hard to interpret although Lu et al. (2017) found that
those of Electrobabinskaia “show morphological similarities to that
of Nymphidae in having paired, ventrally positioned gonocoxites 9
and a large, dorsally positioned arc (¼ gonocoxites 11)” (p. 22).
5.1.12. Female genitalia
The female terminalia are only known in the Burmese amber

Pseudobabinskaia martinsnetoi. These are amazing in possessing a
pair of finger-like gonocoxites 9, which are superficially very
similar to gonocoxites 8 of Myrmeleontidae (see Lu et al., 2017, figs.
1C, D). It is unknown yet if this is an autapomorphy of the family or
only of the genus. In any case, such structures of gonocoxites 9 do
not occur in other Myrmeleontoidae.
5.2. Systematic and phylogenetic position of Babinskaiidae

The myrmeleontoid affinity of Babinskaiidae is based on the
presence of a set of some character states in the venation, espe-
cially: (1) ScP þ RA enters the margin after the wing apex in both
wings, and (2) M is divided into MA and MP very close to the wing
base. The venation of chrysopoids (i.e., Chrysopidae,
yMesochrysopidae, and yAscalochrysidae), which possesses char-
acter state (1), and osmyloids (i.e., Osmylidae, ySaucrosmylidae, and
yGrammolingiidae), which possesses also character state (2),
strongly differs from Babinskaiidae in other aspects.

The superfamily Myrmeleontoidea includes seven families:
Nymphidae, Myrmeleontidae, Ascalaphidae, Nemopteridae,
yPalaeoleontidae, yAraripeneuridae, and yBabinskaiidae. The extant
Myrmeleontoidea are considered to constitute a monophyletic
clade by the majority of authors (e.g., Haring and Asp€ock, 2004;
Winterton et al., 2010; Beutel et al., 2010a,b; Wang et al., 2017).
However, extinct families are rarely included in such phylogenies.
When included, the Myrmeleontoidea turned out to be a non-
monophyletic group. For example, according to Grimaldi and
Engel (2005, fig. 9.4) the monophyletic Myrmeleontiformia
contain also psychopsoid families, and the families of Myrme-
leontoidea do not form a monophyletic clade.

According to the phylograms of Yang et al. (2012, fig. 32) and
Makarkin et al (2013, fig. 7) the families of Myrmeleontoidea form a
monophyletic clade together with those of Chrysopoidea. The
monophyly of the clade Myrmeleontoidea þ Chrysopoidea exclu-
sive Chrysopidae (i.e., Mesochrysopidae and Ascalochrysidae) is
supported by at least two synapomorphies: (1) the jugal lobe is
reduced in the forewing (see Yang et al., 2012), and (2) CuP is
basally crossvein-like, then partially fused with AA1 in the hind
wing (see above analysis). We found that the monophyly of all
Myrmeleontoidea, fossil and extant, is supported by at least one
venational character state, i.e., aligned oblique basal crossveins 1r-
m and 1m-cu. It is well developed in Myrmeleontidae, Ascalaphi-
dae, many Nemopteridae (secondarily lost in Crocinae), those
Araripeneuridae in which the basal part of the hind wing is well
preserved (e.g., Ponomarenko, 1992b, fig. 8), Nymphidae (more
primitive, see Riek, 1967, figs. 3B, D, F), and Palaeoleontidae (see
Myskowiak and Nel, 2016, fig. 5; 1r-m is not clearly visible). In
Babinskaiidae, 1r-m is probably reduced and 1m-cu is present (see
Lu et al., 2017, figs. 1B, 5C). Chrysopoidea differ from Myrme-
leontoidea by the relatively short and not strongly pectinately
branched M in both wings, a possible synapomorphy of Chrys-
opoidea. Nevertheless, this group may be paraphyletic with respect
to Myrmeleontoidea as this character state is weak and may be
homoplasious.
The phylogenetic position of the family Babinskaiidae within
Myrmeleontoidea was uncertain. A cladistic analysis of the phylo-
genetic relationships of the neuropteran genera of the Crato For-
mation revealed that the genera of Babinskaiidae are an
adelphotaxon of the clade comprising genera of Ascalaphidae,
Nemopteridae (s.l.), Myrmeleontidae, Palaeoleontidae and Arari-
peneuridae (Martins-Neto, 2003, fig. 9; Martins-Neto, 2005, fig. 4).
According to Martins-Neto (2003, 2005) this placement is sup-
ported by two synapomorphies of Babinskaiidae: (1) the long
forewing M þ CuA [‘MP þ CuA1’ of the author] reaches the apical
margin, and (2) the forewing CuP is zigzag-like. Both these char-
acter states are not synapomorphies of the family (see above
analysis), and so this phylogenetic position of Babinskaiidae is
unsupported. Later, it was assumed that Babinskaiidae (and Arari-
peneuridae) “likely represent stem groups to the entire
Nymphidae-Myrmeleontidae-Ascalaphidae clade.” (Martins-Neto
et al., 2007, p. 334). On the other hand, the family Babinskaiidae
was assigned to the superfamily Nymphoidea in one of these pa-
pers (Martins-Neto, 2003, table 1).

Other authors believed that Babinskaiidae are most closely
related to Ascalaphidae and Myrmeleontidae. These three families
form a trichotomy (Grimaldi and Engel, 2005, fig. 9.4; Jepson and
Penney, 2007, fig. 2), or the Babinskaiidae is considered as the sis-
ter group to the other two (Engel and Grimaldi, 2008, fig. 2). No
arguments were provided to explain this phylogenetic position.

Finally, Lu et al. (2017) proposed “a thought-provoking hy-
pothesis that Babinskaiidae might be closely related to Nemopter-
idae”, and that “some nemopterid-like larvae in Burmese amber
might be associated with babinskaiids” (p. 22). This hypothesis is
based on the fact that the hind wings of Burmobabinskaia are
strongly narrow, similar to the extremely long and narrow hind
wings of Nemopteridae. The crocine-like larvae occurring in Bur-
mese amber are very similar to those of Crocinae (Nemopteridae) in
having a long cervix, but differ from the latter by the presence of
4e10 elongated teeth on the jaws. Unfortunately, no larvae were
hitherto described in detail, although some are mentioned with
photographs (Xia et al., 2015, figs. on pp. 99, 100). However, we
believe that these larvae may belong to Araripeneuridae, which are
most closely related to Nemopteridae (Makarkin et al. in prepara-
tion). The hind wings of some species of Araripeneuridae may also
be narrow (see e.g., Martins-Neto and Vulcano, 1989a, fig. 6C;
Martins-Neto, 2003, fig. 1B).

Our morphological analysis shows that the family is charac-
terized by a mixture of character states. On the one hand, there
are some plesiomorphic states at superfamily level, e.g., the
presence of trichosors, and M and CuA fully separate. On the
other, clearly apomorphic states are present, e.g., the distal origin
of RP; the presence of several presectoral crossveins; the single M
in the forewing; and the reduction of AA2 and AA3 in the hind
wing. The latter is probably the only venational autapomorphy of
the family.

Our data support the hypothesis that Babinskaiidae are most
closely related to Nymphidae. These two myrmeleontoid families
form an epifamily Nymphidoidae, whose MP (or M) is long, not
fused with CuA, and trichosors are present. All other myrme-
leontoids belong to another epifamily, Myrmeleontoidae, whose
MP is crossvein-like, then fused with CuA, and trichosors are lost. A
detailed review of the latter epifamily is beyond the scope of the
current study. Unfortunately, the epifamily Nymphidoidae is
defined by mainly plesiomorphic conditions (see diagnosis above),
so this taxon may theoretically be paraphyletic. However, the
presence of multiple trichosors along the posterior wing margin is
apparently an apomorphic character state, but it is also found in
some Chrysopidae and Mantispidae. It is most probable that the
family Babinskaiidae evolved in the earliest Cretaceous as a side
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branch of Nymphidae from relatively small members, whose
venation is similar to that of the Early Cretaceous genus Baissoleon.

Two enigmatic genera from the Crato Formation (Cratosmylus
and Araripenymphes) also belong to Nymphidoidae based on their
wing characters (see Menon et al., 2005; Myskowiak et al., 2015).
The former genus was assigned to the monotypic subfamily Cra-
tosmylinae in Osmylidae by Myskowiak et al. (2015), but subse-
quently was removed from this family by Winterton et al. (2017)
who considered it to be more suitably placed in Nymphidae.
However, we suppose that these two genera form a third family of
Nymphidoidae, i.e., Cratosmylidae. Unfortunately, we could not
examine any specimens of this group, and this assumption remains
only our hypothesis.

6. Key to genera of Babinskaiidae

(Forewings of Baisonelia are unknown; hind wings of Babinskaia
are fragmentary)

1. Hind wing strongly narrowed …………………...Burmobabinskaia
Hind wing normal, ovate …………………………………………....2

2. RP originating much distal of termination of CuP in both
wings……………………………………………………………Neliana
RP originating approximately at level of termination of CuP
…………………………………………………………………………..3

3. Branches of MP slightly shorter than crossveins between MA, MP
in hind wing ………………………………………Pseudobabinskaia
Branches of MPmuch longer than crossveins betweenMA, MP in
hind wing ……………………………………………………………..4

4. Crossveins between branches of RP in outer gradate series absent
at least in forewing ……………………………………… Babinskaia
Crossveins between branches of RP in outer gradate series pre-
sent in both wings …………………………………………………...5

5. Four-five crossveins between stem of RP, M in hind
wing……………………………………………………Parababinskaia
Two-three crossveins between stem of RP, M in hind wing……6

6. RP with four branches in hind wing ……………………Baisonelia
RP with seven branches in hind wing …………..Electrobabinskaia
7. Conclusions

The Babinskaiidae constitute a homogeneous taxon of small
Cretaceous myrmeleontoids now comprising nine species in seven
genera. The reduction of the veins AA2 and AA3 in the hind wing is
its autapomorphy. Babinskaiidae are most closely related to Nym-
phidae, and have probably evolved as a side branch of the nymphid
lineage. After examination of this family, we divide the superfamily
Myrmeleontoidea into two epifamilies, i.e., Nymphidoidae (with
Nymphidae and yBabinskaiidae), and Myrmeleontoidae consisting
of five families (Myrmeleontidae, Ascalaphidae, Nemopteridae,
yPalaeoleontidae, and yAraripeneuridae).
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