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Abstract A new syntonopterid, Anglolithoneura magnifica
gen. et sp. n., is described from a siderite concretion
(nodule) from the Late Carboniferous (Langsettian) of
Lancashire County (UK). The new genus is diagnosed on
hind wing venation and compared with other syntonopterid
genera. The new species is the first syntonopterid formally
described from the Late Carboniferous of Europe. The
systematic positions of other potential Syntonopteroidea
(Miracopteron mirabile, Bojophlebia prokopi, and speci-
mens described in 1985 by J. Kukalova-Peck from Obora in
the Czech Republic) are reconsidered. Wing venation
synapomorphies are proposed for the Syntonopteroidea
(sensu novo), and for a potential clade ((Ephemeropterat+
Syntonopteroidea)+Odonatoptera) separated from the Palae-
odictyopterida. The close relations of the new species with
Lithoneura lameerei Carpenter, 1938 from Mazon Creek
(Illinois, USA) provide additional support for a Euramerican
connection during the Late Carboniferous.
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Introduction

The small family Syntonopteridae Handlirsch, 1911 pres-
ently includes the two Paleozoic genera Syntonoptera
Handlirsch, 1911 and Lithoneura Carpenter, 1938. It is a
crucial group for the resolution of phylogenetic relation-
ships among the palacopteran taxa Ephemeroptera, Palae-
odictyopterida, and Odonatoptera, as well as more generally
for Palacoptera and Neoptera (Grimaldi and Engel 2005;
Kukalova-Peck 1985; Willmann 1999).

The Palacoptera were erected as a taxon by Martynov
(1924), but since then their monophyly has been debated,
based on morphological or molecular datasets and various
analyses (Beutel and Gorb 2006; Boudreaux 1979; Haas
and Kukalova-Peck 2001; Hennig 1981; Klass 2007, 2009;
Kristensen 1991, 1995; Kukalova-Peck 1991; Terry and
Whiting 2005; Wheeler 1989; Wheeler et al. 2001). The
recent works by Hovmdller et al. (2002) and Ogden and
Whiting (2003), both attempting to solve the ‘Palacoptera
problem’, provided conflicting results. Contributions by
Kjer (2004), Kjer et al. (2006), and Whitfield and Kjer
(2008), dealing with higher insect phylogeny based on
different analyses of mainly molecular datasets, provided
support for monophyly of Palacoptera to a varied extent. In
conclusion, the monophyly of Palacoptera has remained a
doubtful issue of insect phylogeny.

Soldan (1997) has provided a comprehensive review of
potential apomorphies of Ephemeroptera within a presumed
palaeopteran lineage, and discussed possible relationships
with other groups. Apart from the three major groups,

@ Springer



332

J. Prokop et al.

Ephemeroptera, Odonatoptera, and (extinct) Palacodictyop-
terida, the Palaeoptera also include several fossil taxa
(Syntonopteridae, Bojophlebiidae, and Namuroningxiidae)
that exhibit a ‘mosaic’ of apomorphies of more than one of
the major groups, which renders them difficult to place in
the classification system (Prokop and Ren 2007). The
Syntonopteridae and Bojophlebiidae are currently com-
bined to the higher taxon Syntonopterida, as their wing
venation patterns are considerably different from those of
the true mayflies. Originally Syntonopterida had been
erected by Handlirsch (1911) for Syntonopteridae alone,
which was later followed by Rasnitsyn (2002). Note that
Rasnitsyn (2002: 89) indicated that no synapomorphy is
known for the Syntonopterida.

The known distribution of Syntonopteridae was restrict-
ed to the Late Carboniferous of North America (Mazon
Creek, Illinois; Lithoneura and Syntonoptera) and the
Middle Permian of France (Var, Provence; Gallolitho-
neura). The family was first attributed to Palaeodictyoptera
by Handlirsch (1911, 1919) on the basis of fragmentary
remains of Syntonoptera schucherti Handlirsch, 1911 from
the Late Carboniferous of Mazon Creek. Later Edmunds
and Travers (1954) considered Syntonopteridae to be
placed “between” Palacodictyoptera and Ephemeroptera
due to intermediate character states. Laurentiaux (1953)
erected a new order, Syntonopterodea, without indicating
diagnostic characters. The current systematic position of
Syntonopteridae within Ephemeroptera was proposed first
by Kukalova-Peck (1985), and supported by Willmann
(1999), but other authors separated the two groups and
treated Syntonopteridae as Palaecoptera or Pterygota incertae
sedis (Carpenter 1987; Kluge 2004). Some elements of
syntonopterid wing venation were poorly known and
controversial at the time (e.g. presence or absence of a
strut between M and CuA). Kluge (2004) classified
Syntonoptera as ‘“Pterygota incertae sedis” because he
considered several characters to be of “unclear phylogenetic
status”, i.e. insufficient to support an attribution to the
Euephemeroptera, because they are either plesiomorphies
or present in many other clades. For example, Sc and RA
nearly reach the wing apex (probably a plesiomorphy in
Palacoptera), RA and RP begin as separate stems, MA is
convex, MP concave, CuA convex, and CuP concave (also
probably plesiomorphies in palaeopteran groups; see
Béthoux et al. 2007; Kukalova-Peck 1991; Lameere 1922).

Bojophlebiidae was erected by Kukalova-Peck (1985) for
the gigantic mayfly, Bojophlebia prokopi Kukalova-Peck,
1985, which shares apomorphies with Syntonopteridae. Both
families were placed in a superfamily Syntonopteroidea
characterized by the hind wing being broader than the
forewing, by a very gently arched subcostal brace, a strong
brace between AA and CuP (with anterior branch of AA1+2
and CuP fused in Kukalova-Peck’s interpretation, but see
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below), the posterior branch of AA1+2 diverging from CuP
as an arch, and by a dense network of irregular crossveins
(Kukalova-Peck 1985: 939).

Moreover, some exceptionally preserved Paleozoic fos-
sils exhibit some body characters other than the venation
pattern that have attracted several authors to review and
more broadly consider the relationships with other palae-
opteran Paleozoic groups. Lithoneura lameeri Carpenter,
1938 is one of these very well-preserved fossils (Carpenter
1938, 1987; Kukalova-Peck 1985; Willmann 1999).

The aim of the present paper is to describe a new
syntonopterid taxon from the Langsettian (Westphalian A)
of England based on a well-preserved hind wing. As this is
the first Late Carboniferous European syntonopterid, it is of
great interest to studies of the evolution of wing venation
and the paleobiogeography of these insects. Based on this
newly discovered species we therefore also provide a
broader discussion of the evolution of the wing venation
pattern, as well as of the systematic placement of the Late
Paleozoic taxa more or less related to Syntonopteroidea
(Syntonopteridae, Bojophlebiidae, and Miracopteridae).

Material and methods

The description of the new species is based on a single
specimen (imprint, counterpart, and cast of counterpart)
from Crock Hey opencast pit located near Manchester
(Lancashire). This is one of the major currently investigated
localities in the UK at which insects in siderite concretions
have been preserved. Its fossil fauna, as well as data on
geology and stratigraphy, have been treated extensively by
Anderson et al. (1999).

Morphological observations were made under WILD
TYP 308700 and OLYMPUS SZX-9 stereomicroscopes in
dry state or in ethyl alcohol. The venation pattern was
drawn directly using a camera lucida, then readjusted to the
photograph scales using image-editing software (Adobe
Photoshop). Photographs were made using Nikon CoolPix
4500 and Nikon D80 digital cameras with a Nikon AF-S
VR Micro-Nikkor 105 mm macro lens, and single-sided
cross-light exposure.

We follow the wing venation nomenclature of Kukalova-
Peck (1991) and Willmann (1999), with reserves
concerning the possible fusion and relative positions of
CuP and AA1+2 (see below). Abbreviations of wing veins:
AA = anal anterior, AP = anal posterior, C = costa, CuA =
cubitus anterior, CuP = cubitus posterior, ‘IN-" = concave
vein between AA1+2 and AA3+4, MA = media anterior,
MP = media posterior, RA = radius anterior, RP = radius
posterior, ScA = subcosta anterior, ScP = subcosta posterior.
The addition ‘+’ indicates a convex vein (elevated to
dorsal), ‘=" a concave vein (sunken to ventral).
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Systematics section
Superfamily Syntonopteroidea Kukalova-Peck, 1985

This includes the families Syntonopteridac Handlirsch,
1911, and Miracopteridaec Novokshonov, 1993 (newly
placed here; see “Discussion” below). Bojophlebiidae
Kukalova-Peck, 1985 is excluded (see below).

Family Syntonopteridae Handlirsch, 1911

This includes the following genera and species (after
Carpenter 1987): Syntonoptera Handlirsch, 1911 (type and
only included species: S. schucherti Handlirsch, 1911);
Lithoneura Carpenter, 1938 (type species: L. lameeri
Carpenter, 1938; other species: L. mirifica Carpenter, 1944,
L. carpenteri Richardson, 1956, L. clayesi Kukalova-Peck,
1985 (based on larva), L. piecko Kukalova-Peck, 1985
(based on larva)).

Genus Anglolithoneura gen. n.
TBype species

Anglolithoneura magnifica sp. n.
Etymology

The genus name is derived from Anglia, the Latin name for
England, and from the genus name Lithoneura. Its gender
for the purposes of nomenclature is feminine.

Diagnosis

[Only hind wing characters known.] Anal area narrow, with
relatively short and zigzagged veins; MA not fused with RP
but closely approaching and touching it for a short distance

Fig. 1 Anglolithoneura magnif-
ica gen. et sp. n., holotype;
composite line drawing of hind
wing. Scale bar 10 mm. For
abbreviations of wing veins, see
the “Material and methods”
section

(T in Fig. 1); CuP straight, not distally sigmoidal; concave
vein ‘IN-’ not approximating AA1+2.

Anglolithoneura magnifica sp. n.
Etymology

The species epithet reflects the wonderful state of preser-
vation of the fossil. It is to be treated as adjectival for the
purposes of nomenclature.

Material

Holotype specimen 11.3037 (imprint of a hind wing), NHM
Palacont. Dept. II, The Natural History Museum, London
(UK); counterpart in private collection of Andrew Tenny,
Littleborough (UK); cast of holotype in Muséum national
d’Histoire naturelle, Paris (France).

Age and outcrop

The fossil was found in a nodule in the tips at Crock Hey
opencast pit (accessible 2001-2005), roof shales of Ru’s
coal seam 2b, Langsettian (Westphalian A), Late Carbon-
iferous, Lancashire, UK (Anderson et al. 1999).

Diagnosis

As for the genus.

Description

[Only basal part of hind wing known; Figs. 1, 2 and 3.]
Wing without trace of coloration, probably hyaline;
holotype wing fragment 26 mm wide. Wing corrugate, no

archedictyon. Area between ScP and C with one row of
cross-veins; no convex ScA distinct from vein along
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Fig. 2 Anglolithoneura magnifica gen. et sp. n., holotype; photograph
of counterpart (fop; coll. A. Tenny) and imprint (bottom; 11.3037,
Natural History Museum, London, UK). Scale bar 10 mm

anterior wing margin; concave ScP straight, nearly parallel
to anterior wing margin and reaching it probably near wing
apex; RA straight; fork/dichotomy between RA and RP
about 11.6 mm from wing base; RP with four main
branches visible (there could have been one more distally);
first branch forked near its apex; convex MA emerging
from M-stem 7.1 mm estimated from wing base, directed
towards RP and touching it for a short distance, not fused
with it; MA with two branches visible, with a broad area

Fig. 3 Anglolithoneura magnif-
ica gen. et sp. n., detail photo-
graphs of hind wing base.

a Imprint (I1.3037, Natural
History Museum, London, UK).
b Counterpart (coll. A. Tenny).
Scale bars 5 mm
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and concave intercalary vein IMA between them; concave
MP with two main branches, each secondarily bifurcated
and intercalary convex vein IMP between main branches;
convex CuA strongly approximates M, with a visible strut
between them (M-CuA strut in Figs. 1 and 3a), CuA and its
branches convex, dichotomously branched with four pre-
served branches, with an intercalary concave vein ICuA
between the two main stems branches; CuP simple (as far
as preserved), strongly concave and only weakly curved,
not sigmoidal; convex AA1+2 touching CuP in one point
near wing base (Figs. 1 and 3a, b); a constriction of the area
between AA1+2 and convex AA3+4, and a constriction of
the area between AA3+4 and first branch of concave AP at
the same point; a strongly concave longitudinal vein
between AA1+2 and AA3+4 ending on posterior wing
margin, interpreted as “?A2” by Willmann (1999) and as
“IN-" by Kukalova-Peck (1985); AA1+2 with three
preserved branches; branches of AP short and zigzagged,
with 1-2 rows of cells in anal area between each pair of
neighbouring veins.

Discussion
Taxonomic content of Syntonopteridae

Anglolithoneura gen. n. has the combination of the main
diagnostic characters of Syntonopteridae, i.e. wing corru-
gate; no archedictyon but a simple and relatively straight
pattern of cross-veins between the longitudinal veins [also
present in Odonatoptera and some Palaeodictyopterida (e.g.
Breyeriidae)]; CuP simple; MA with a strong anterior curve
at its base, touching RP for a short distance; most anterior
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branch of AA with a strong curve (‘zigzag’) and touching
CuP in one point.

The Anglolithoneura hind wing shares with that of
Lithoneura a characteristic concave vein between the two
convex veins AA1+2 and AA3+4. The exact nature of this
vein remains controversial; Kukalova-Peck (1985) inter-
preted it as a fold (“IN-7), Willmann (1999) as “?A2”.
Willmann’s hypothesis implies that a branch of AA is
concave, which is debatable. Nevertheless, the distal part of
this structure is more clearly visible in Anglolithoneura
than in Lithoneura, because it is completely separated from
AA1+2 and AA3+4 in the former versus strongly approx-
imating AA1+2 and separating more distally from it in the
latter. Anglolithoneura and Lithoneura also share a con-
striction of the area between the first and the second convex
branches of AA (AA1+2 and AA3+4 sensu Kukalova-
Peck 1991), with a strong brace between them (see black
arrows in Figs. 1, 3b, and 5). On the basis of the anal area
pattern being similar to that of the hind wing of
Lithoneura, we consider the holotype of A. magnifica sp.
n. as a hind wing. Unfortunately, the wing bases are not
preserved in Syntonoptera; thus it is not possible to
determine whether it has similar structures. Nevertheless,
the characters are synapomorphies of (at least) Angloli-
thoneura and Lithoneura.

The hind wing of Anglolithoneura differs from that of
Lithoneura in its narrower anal area, with relatively short
and zigzagged veins; MA not fused with RP; CuP straight;
and concave vein ‘IN-’ not approximating AA1+2.

The data above show that the genera Synfonoptera,
Lithoneura, and Anglolithoneura are similar in wing
morphology, and likely closely related as they also share
several apomorphies. They are thus adequately combined in
a single family, Syntonopteridae. In contrast, Willmann
(2007: 124, 125) doubted the assignment of Lithoneura to

Fig. 4 Aedophasma anglica
Scudder, 1885; photograph of
plaster cast of holotype (No.
18378, Natural History
Museum, London; original at
Liverpool Museum, UK). Scale
bar 10 mm

Syntonopteridae; instead, he created a new group Ephem-
eronta (= Lithoneura+Reticulata) on the basis of three
synapomorphies: (1) Al simple in forewings; (2) MA and
RP fused; (3) proximal part of anal area part wider in
hindwings.

Kukalova-Peck (1985) attributed two fossil ephemeroptera-
like nymphs to the genus Lithoneura, i.e. L. piecko and L.
clayesi. Carpenter (1987) doubted these attributions because
he supposed that Lithoneura is not an ephemeropteran, which
is debatable (see below). In any case, the wing tracheation of
these nymphs is unknown, and that character system is the
only one that could potentially yield arguments allowing
those nymphs to be considered as (relatives of) Syntonopter-
idae. We therefore consider L. piecko and L. clayesi as
Pterygota incertae sedis.

Kukalova-Peck (1985) also assigned an apical part of a
wing from the Lower Permian of Obora (Moravia) to
Syntonopteroidea incertae sedis. However, unlike the other
Syntonopteridae that wing has a dense network of cross-
veins, an ‘archaedictyon’—likely a plesiomorphy. On the
other hand, no clear apomorphy shared with syntonopterids
has been documented. Garrouste et al. (2009) reported
another wing fragment attributable to the Syntonopteridae
from the Upper Permian of Var (France), under the name
Gallolithoneura butchlii.

Demoulin (1954) revised the holotype specimen of
Aedophasma anglica Scudder, 1885 and attributed this
taxon to Syntonopteridae. However, this was based on an
apical wing fragment only (see Fig. 4) and therefore is
rather uncertain. Nevertheless, the venation pattern corre-
sponds well with that in the wing apex of syntonopterids, as
there are intercalary veins in addition to a dense network of
cross-veins. Still, we prefer to follow Carpenter (1992) in
placing this taxon in Palaeoptera incertae sedis, due to its
fragmentary state of preservation.

\ MA1+2
\ ' IMA

MP1+2
IMP

MP3+4
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Phylogenetic relationships of Syntonopteridae and related
families

Clarification of some characters in Syntonopteridae

Willmann (1999: fig. 1b) hypothesized that the posterior
branch of AA (A2 in his terminology) in the hind wing of
Lithoneura lameerei is represented by the vein just
posterior to his AA1 (“?A2” in his drawing), but this vein
is clearly concave and cannot correspond to a branch of
AA. It is a supplementary vein in the cell between AA1+2
and AA3+4 (indicated by a dotted line in Kukalova-Peck
1985: fig. 37). This concave longitudinal vein IN- lying
between AA1+2 and AA3+4 is clearly visible in Angloli-
thoneura magnifica. It can be compared to the concave
longitudinal vein ‘Cuspl’ that occurs in the hindwing ‘anal
loop’ of the modern Odonatoptera-Libellulidae (Libellula,
Tramea, etc.). The libellulid anal loop is an area limited by
a convex branch of AA and a convex branch of CuA. The
whole structure transversely reinforces the wing and has a
mechanical function during flight. A similar function can be
assumed for the large transverse cell between AA1+2 and
AA3+4 crossed by the longitudinal concave vein IN- in
Lithoneura and Anglolithoneura (see Figs. 1 and 5a, b). By
similarity with the Libellulidae, this cell could be termed
the anal loop, even if there is no homology between the two
structures. One may suspect that—similar to Libelluloidea—
some unknown taxa of the syntonopterid lineage could have
had a more rudimentary anal loop and vein IN- than found in
Lithoneura and Anglolithoneura.

The hind wing of Anglolithoneura magnifica exhibits a
convex CuA that diverges from CuP and strongly approx-

Fig. 5 Lithoneura lameerei
Carpenter, 1938, holotype (No.
MCZ 4537, Museum of Com-
parative Zoology at Harvard
University, Cambridge, MA,
USA). a Detail photograph of
left hind wing base. b Line
drawing of left hind wing base.
Scale bars 5 mm

@ Springer

imates M, with a visible strut between them (M-CuA strut
in Figs. 1 and 3a). This structure agrees with the
interpretation of the bases of the cubital and median veins
by Kukalova-Peck (1985: fig. 12), contrary to Willmann
(1999), who interpreted M and CuA as basally fused in the
hind wing of Lithoneura lameerei. The separation between
CuA and MP is visible on the photograph of the left hind
wing of L. lameerei in Willmann (1999: fig. 10a), and also
in the present Fig. Sa.

Willmann (1999) indicated that Lithoneura has no
convex costal brace, unlike the true Ephemeroptera. On
the basis of the preserved basal wing part the same situation
occurs in Anglolithoneura. In contrast, Rasnitsyn (2002:
88) proposed the presence of a costal brace as a potential
synapomorphy of ‘Syntonopterida’ and Ephemerida. A
costal brace (convex ScA, vein Ax0) is also present in
Odonatoptera (Bechly 1996), thus would constitute a
synapomorphy of the whole group Libelluliformes sensu
Rasnitsyn (2002) or Hydropalaeoptera Rohdendorf, 1968
(= Ephemeroptera+Odonatoptera) (see also Kukalova-Peck
et al. 2009). Thus the inclusion of Syntonopteroidea in
Hydropalaeoptera would imply a reversal for this character.
However, the polarity of this character is not well
established; it may more likely be a pterygote plesiomor-
phy, if one follows the ground pattern of wing venation of
Kukalova-Peck (1991). The polarisation of related charac-
ters for such basal Pterygota is difficult to achieve, because
all potential outgroup taxa are apterous (Zygentoma,
Archaeognatha). All Neoptera and Paoliida cannot be used
as outgroup taxa, because the absence of the brace in
Neoptera may just as well be a synapomorphy of the
Neoptera themselves.
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Syntonopteridae and some potentially related smaller taxa:
the Syntonopteroidea

Some palacopteran taxa could be more closely related to
Syntonopteridae than to any other clade. These are:

(1) Miracopteron Novokshonov, 1993 (the sole genus of
Miracopteridac Novokshonov, 1993). This is an
enigmatic Lower Permian taxon based on isolated
wings (see Novokshonov 1993; and Fig. 6). The
Miracopteridac share with the Syntonopteridae the
presence of a characteristic constriction of the area
between AAI+2 and AA3+4, the presence of a
concave longitudinal vein between them (vein IN-),
and a constriction of the area between AA3+4 and the
first branch of the concave AP at the same point, plus
very similar overall wing venation patterns (see
Fig. 6). Rasnitsyn (2002: 89) suggested that Miracop-
teron could belong to the ‘Syntonopterida’, and be
closely related to the Syntonopteridae, without giving
a precise argument. The main difference between
Miracopteron and Syntonopteridae is the presence of
posterior branches of CuP in the former.

(2) Bojophlebia Kukalova-Peck, 1985 (Bojophlebiidae
Kukalova-Peck, 1985). Following Kukalova-Peck’s
(1985) interpretation, the wing in this taxon would
lack the above-mentioned peculiarities of the anal
area, and have a distinct convex costal brace, unlike
that of Lithoneura. However, Kukalova-Peck’s (1985)
interpretation is far from convincing, as the holotype
specimen of Bojophlebia is very poorly preserved
(Fig. 7). In fact, it is impossible to see whether there is
a ScA, and the basal part of the anal area is hardly
preserved.

Fig. 6 Miracopteron mirabile Novokshonov, 1993, holotype (No. 2/
135, Paleontological Institute, Russian Academy of Sciences, Mos-
cow); photograph of counterpart. Scale bar 10 mm

Fig. 7 Bojophlebia prokopi Kukalova-Peck, 1985, holotype (No. 1/
1985, National Museum Prague, Czech Republic); photograph of
counterpart. Scale bar 50 mm

Thus we newly propose here to exclude Bojophlebiidae
from the Syntonopteroidea, considering it as Pterygota
incertae sedis instead, and to characterize Syntonopteroi-
dea by the presence of the specialized structures of the
hind wing anal area listed above. We also propose to
include Miracopteron and the Miracopteridae within the
Syntonopteroidea.

Putting Miracopteridae and Syntonopteridae into a
superfamily or order is an arbitrary choice at this stage,
because their relationships with Ephemeroptera and Odo-
natoptera remain rather uncertain (see below). Rasnitsyn
(2002) proposed to maintain order rank for the “consider-
able phenetic distance from the true mayflies as well as
their probable paraphyletic (ancestral) position in respect to
both mayflies and dragonflies.” Such arguments to create or
maintain orders are not well-grounded, because ‘phenetic
distance’ is a subjective concept. Moreover, we follow the
rule that sister-taxa should be of the same rank.

Relationship between Syntonopteroidea and other major
palaeopteran groups

A group (Triplosobida+(Syntonopteroidea+Ephemerida))
(= Ephemeridea Latreille, 1810 sensu Rasnitsyn 2002)
was defined by Rasnitsyn (2002: 88). In the following, we
discuss four main aspects of that proposal.

(1) Affinities of Syntonopteroidea with the Triploso-
bida (= Triplosobidae, only including Triplosoba
pulchella (Brongniart, 1883)). Prokop and Nel
(2009) excluded this option, as this family has been
transferred from the Hydropalacoptera to the Rostro-
palacoptera (= Palacodictyopterida).

(2) Affinities of Syntonopteroidea with Ephemerida (=
Ephemeroptera plus the extinct Protereismatina
and Euplectoptera). Rasnitsyn (2002) proposed a
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group including the Syntonopteroidea (under the name
“Syntonopterida”) and Ephemerida, on the basis of the
supposed presence of a costal brace. As the Synto-
nopteridae have no costal brace, Rasnitsyn probably
based that grouping on the alleged presence of a
costal brace in Bojophlebia, after an assumption of
Kukalova-Peck (1985). However, as we noted above
both the phylogenetic position of Bojophlebia and its
possession of such a costal brace are very uncertain.
Consequently, there is no potential synapomorphy
supporting the grouping of Syntonopteroidea with
Ephemerida.

(3) Affinities of Syntonopteroidea with the Ephemer-
optera (and possibly Bojophlebiidae?). These taxa
share the presence of a distinct anterior curve or
‘zigzag® of AA1+2, although this can be pronounced
to a varied extent (Kukalova-Peck 1985: fig. 2, 1997,
Willmann 1999: fig. 1b; Zhou 2007). The feature is
absent in Odonatoptera and constitutes a potential
synapomorphy of the former groups.

(4) Affinities of Lithoneura with Odonatoptera,
Ephemeroptera, and Protereismatidae. Several po-
tential synapomorphies (items a—c below) have been
proposed by various authors to support a grouping
comprising these taxa. One should keep in mind here
that, considering extant taxa alone, a clade Odonatop-
tera+Ephemeroptera receives some support from mo-
lecular studies but is at least debatable from a
morphological viewpoint (Bechly 1996; Hovmoller et
al. 2002; Kjer 2004; Klass 2009; Wheeler et al. 2001).

(a) Willmann (1999: fig. 12) listed four potential
synapomorphies. Three of them concern structures
unknown from Lithoneura. The fourth putative
synapomorphy is a composite character state
“simple CuP (plesiomorphic character?), with
MA and RP being fused over a short distance and
with intercalary veins (character state uncertain).”
While this is true for Miracopteron and Lithoneura
among the Syntonopteroidea, MA only touches RP
in one point (but is not fused) in Anglolithoneura (T
in Fig. 1), suggesting that this character is subject to
reversals or homoplasy. Still the one-point touch in
Anglolithoneura could be an initial state of longer
fusion, and this could be a synapomorphy of a clade
SyntonopteroideatOdonatoptera+Ephemeroptera,
together with the presence of intercalary veins.

(b) Absence of an archedictyon and presence of a
regular pattern of cross-veins are similar in
Syntonopteridae and in Odonatoptera and Ephem-
eroptera, suggesting a possible synapomorphy.

(c) Complete fusion of the most anterior branch of AA
with CuP, resulting in a concave vein, has been
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proposed by Kukalova-Peck (1985, 1991) as a
synapomorphy for a clade Ephemeroptera
+QOdonatoptera+Bojophlebiidact+Syntonopteridae.
Concerning Syntonopteroidea, Kukalova-Peck’s
(1985) opinion was based on the assumption that
AA1+2 should always separate in two branches. In
Lithoneura, the presence of one point of contact
between the convex AA1+2 and the concave CuP,
and the fact that these veins maintain their respective
convexity in their distal parts, support the hypothesis
of Willmann (1999: fig. 1b) that there is no fusion
CuP+AAl, contrary to Kukalova-Peck (1985:
figs. 11, 14) (Fig. 5a, b). The only argument
favouring the possible fusion of AA1 with CuP is
the presence in Miracopteron of a distal posterior
branch of CuP that seems to be less concave than
the main CuP (see Fig. 6). This branch would be (?)
AA1 re-emerging from CuP. But this vein is clearly
not as convex as the genuine branches of AA; its
interpretation as AA1 is uncertain. In Anglolitho-
neura AAl1+2 separates near the posterior wing
margin into two convex branches that can be
interpreted as AA1l and AA2, without any capture
of a branch by CuP (Fig. 1). Thus, the situation
greatly varies among Syntonopteroidea.

A fusion of CuP with AA is obviously present in the
Meganisoptera (and more advanced Odonatoptera) (see, e.g.,
Nel et al. 2009), where the concave CuP ‘vanishes’ into the
main longitudinal convex AA to separate again further distally
into a convex AA and a concave CuP. In the most basal
Odonatoptera—FEugeropteron Riek in Riek & Kukalova-
Peck, 1984—there is a brace between AA, CuP and CuA,
but no obvious fusion of a branch of CuP to AA.

In Ephemeroptera, Bojophlebiidae (after Kukalova-
Peck’s 1985: fig. 2), there is a strong convex brace between
AA and CuP, but there is no CuP fused to a convex AA,
and also no direct evidence of a branch of AA completely
fused with a concave CuP.

The presence of a strong convex brace or a contact
between AA and CuP is a possible synapomorphy of
Ephemeroptera, Syntonopteroidea, and Odonatoptera,
which would separate them from the Palacodictyoptera
[Note that nothing similar to a strong convex brace
between AA and CuP can be found in the Palacodictyop-
tera, in which AA is completely separated from CuP
(Kukalova 1969a, 1969b, 1970). The only known exception
is a rather strong cross-vein between AA and Cu, aligned
with a crossvein between Cu and M, occurring as a kind of
arculus in the eugereonid Dictyoptilus sepultus (Kukalova
1969b). This is clearly not homologous to what can be
observed in Ephemeroptera, Odonatoptera, and Lithoneur-
idae.] Kukalova-Peck (1997: 265) proposed a “cup-aal”
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brace as a “strong” synapomorphy of the Ephemeroptera and
Odonatoptera. This potential synapomorphy supports the
hypothesis of Kukalova-Peck (in Wootton and Kukalova-
Peck 2000) of a basal division of Palaeoptera in two taxa,
Hydropalacoptera (Ephemeroptera and Odonatoptera) and
Rostropalacoptera (Palacodictyopterida).

However, a similar connection between veins CuP and
AA1 is also present in the modern Plecoptera (e.g. Béthoux
2005). Haas and Kukalova-Peck (2001: fig. 14) interpreted
this brace as AA1 distally fused and vanishing in CuP, but
Kukalova-Peck and Lawrence (2004) did not.

New data on other body structures and/or on larval
characters shall be necessary to definitely solve the problem
of classification of the Palaeopterous insects.

Palacogeographical significance

Anglolithoneura magnifica is the first syntonopterid de-
scribed from the Upper Carboniferous of Europe. It exhibits
a pattern of wing venation similar to that in Lithoneura
lameeri (Westphalian D/Cantabrian; Mazon Creek, Illinois,
USA). The close affinities between these two taxa support
the well-known Euramerican connection during the Late
Carboniferous. Other insects, such as Anglopterum magnif-
icum Prokop, Smith, Jarzembowski & Nel, 2006 (Palae-
odictyoptera: Homoiopteridae) and chelicerates such as
Euproops danae (Meek & Worthen, 1865), Pleophrynus
verrucosa (Pocock, 1911) and Adelophthalmus imhofi
Jordan & Meyer, 1856), are known from Late Carbonifer-
ous basins both in the UK and at Mazon Creek, supporting
a Euroamerican connection as well (Anderson 1994;
Dunlop 1994; Proctor 1999; Prokop et al. 2006).
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