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The Upper Carboniferous Lithoneura lameerei (Insecta, Ephemeroptera ?)

RAINER WILLMANN, Géttingen

With 12 figures

Zusammenfassung: Die Nachuntersuchung des Typus von
Lithoneura lameerei aus dem Oberkarbon von Mazon Creek
(IMinois) hat ergeben. daB Pflanzenreste und anorganische
Strukturen irrtiimlich als Antennen und Prothorakatloben in-
terpretiert worden sind; andere Teile des Tieres wie der Kopf
und die Fliigelgelenksklerite wurden hinsichttich ihrer Ausbil-
dung nicht richtig erkannt. Diese Erkenntnisse haben erhebli-
che Konsequenzen fiir unser Bild von der friithen Evolution der
Pterygota. Nach derzeitiger Kenntnis spricht nichts gegen die
Tatsache. daB es sich bei Lithoneura um eine frithe Ephe-
meroptere handelt. Die angebliche Eintagsfliege Triplosoba
aus dem Karbon von Frankreich ist moglicherweise kein Ver-
treter dieser Gruppe.

Abstract: Re-examination of the type specimen of Lithoneura
lameerei (Upper Carboniferous, Mazon Creek, 1llinois) has re-
vealed that plant remains and inorganic structures have been
misinterpreted by a previous author as antennae, a haustellate
beak and prothoracic lobes, and some parts of the animal have
not been interpreted correctly (e. g. eyes, pteralia). Though no
characters shared by Lithoneura and the Ephemeroptera are,
according to current knowledge, doubtless synapomorphies,
the results of the re-examination are compatible with the view
that Lithoneunra is a mayfly. The alleged early mayfly Triplo-
soba from the Carboniferous of France is possibly not an ephe-
meropteran. The new results have some bearing on our view of
general early pterygote evolution.

Introduction

The sister group relationships among the basal branches
of the pterygotes (Ephemerida, Odonata, and Neoptera)
have been the subject of debate since the advent of phylo-
genetic systematics. Characters have been interpreted in
favour of all possible sister group relationships. Exclud-
ing the extinct Palaeodictyopteroidea (Palaeodictyoptera,
Diaphanopterodea and Megasecoptera), the different as-
sumptions have their supporters as follows. HENNIG
(1953) and KRISTENSEN (e.g. 1981: 141; 1989: 301; see
also HENNIG 1986) believed that the hypothesis of a sis-
ter group relationship between the Odonata and the
Neoptera is best supported. For the respective super-
ordinate taxon the name Metapterygota is available.
BoupreaUx (1979) was in favour of a sister group rela-

tionship between the Ephemeroptera and the Neoptera
(together the Chiastomyaria, Opisthoptera). The most
popular view is that of a monophylum consisting of the
Odonata and the Ephemeroptera, the two together con-
stituting a taxon bearing the well-known name Palae-
optera. MARTYNOV, who introduced this name, however,
did not necessarily believe in what we today call the
monophyly of the group, as he thought that the palae-
opteran condition is primitive in relation to the neopteran
wing. Authors dealing with fossil insects also include the
Palaeodictyopteroidea in the Palaeoptera.

It is not my intention to review the arguments for or
against one hypothesis or another. For more recent re-

views see KRISTENSEN (1991, 1995) and SOLDAN (1997), .

who consider the question of basic pterygote sister group
relationships as unsolved. B

The affinities of a number of Palaeozoic palaeopteran
insects are not clear. One of the species céncerned is
Lithoneura lameerei. The species was described by
CARPENTER in 1938, based on a very well preserved
specimen from the Upper Carboniferous of Mazon Creek
(lilinois, Westphalian D). It has provoked considerable
interest since it has some bearing on assumptions about
character evolution in the early pterygotes. Some authors
have considered Lithoneura as belonging to the Ephe-
meroptera, others as a member of the Palaeodictyoptera.

Description of Lithoneura lameerei

CARPENTER (1938) gave a detailed description of the
wings of Lithoneura lameerei. He made only scant men-
tion of other structures.

In 1985, KukaLovA-PECK published the results of a

“new examination of the holotype. She regarded Litho-

neura as an ephemeropteran. Her drawings and descrip-
tion resulted in a lot of interest, as they show the speci-
men as bearing very long antennae and other features not
present in recent Ephemeroptera. The long antennae are
of particular interest as short antennae have often been
mentioned as a possible synapomorphy of Odonata and
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Ephemeroptera and have thus been used to bolster the
assumption that the two taxa are sister groups. Long an-
tennae in early members of one of the two taxa would, of
course, weaken this hypothesis.

My own re-examination of the specimen showed. how-
ever. that several of the characters mentioned or figured
by KUKALOVA-PECK as being parts of the fossil are either
inorganic structures or organic remains which do not be-
long to the specimen. Because of its importance, a de-
tailed description of Lithoneura lameerei is presented
here. My examination is based on both the part and coun-
terpart of the holotype specimen (MCZ 4537, Fig. 1 a,
b). As the part shows portions of the left wings only, the
following description is presented as if it was based on
the more complete counterpart. "Left” and ‘right’ refer to
the counterpart (Fig. 1 a) and were reversed in the living
animal.

Head (not mentioned by CARPENTER): KUKALOVA-PECK
figured the head as being large, having large round com-
pound eyes which protrude beyond the width of the
prothorax (not taking into consideration the -alleged
prothoracic lobes). From between the eyes, almost from
their medial margin, she believed the antennae arose
(Kukarova-Peck 1985: fig. 11; Fig. 5 herein).

I have been unable to confirm KUKALOVA-PECK’s ob-
servations. The head appears to be a much smaller struc-
ture within the area circumscribed by the alleged left an-
tenna (Fig. 2). The supposed eyes are not very large as
compared to the size of the head, the left one being
clearly visible (Fig. 3). Between the eyes, dorsofrontal
parts of the head capsule are preserved showing no de-
tails that could be interpreted with certainty, but the fron-
tal portion is suggestive of the clypeolabral area. What
KUKALOVA-PECK interpreted as the left eye is a smooth
structure of the slab and is not of organic origin (Figs. |
and 2). Moistening of the slab confirms that there is no
organic matter beyond the head region as shown in Fig. 5
(compare Fig. 1 b).

Antennae: According to KukaLOVA-PECK, the anten-
nae are clearly visible and very long. the right one being
preserved with its basal section only and showing eleven
anuli (Fig. 5 herein). The other antenna is illustrated as
being much longer, though broken, and its distal section
is shown as being overlain by the right wings. According
to KukaLovA-Peck, 20 anuli are present, each anulus
being slightly longer than Wide.

However, what KUKALOVA-PECK describes as the left
antenna shows a clear longitudinal striation (Figs. 4 a, b),
while there is not a single structure that could be inter-
preted as an antennomere. This so-called antenna is
clearly a plant remain. The nature of what KuKaLOVA-
PECK figured as the right antenna is at best an elevation
of the rock surface without any relation to structures of
organic origin.

The only structures which could be remains of an antenna
are preserved immediately in front of the left eye. In this

area, there is. as Fig. 3 shows. a dark almost rectangular
spot, which is divided by the margin of the head capsule.
This could be a basal antennomere, and another one may
be indicated by weak sutures on the rock surface. I should
like to stress, however. that the various fine linear struc-
tures preserved in this area are difficult to interpret, and 1
am not stating that any definite antennal remains are pre-
served.

Mouth parts: No mouth parts are preserved. Whether
this is indicative of small mouth parts is unclear, but 1 do
believe that no particularly strong mouth parts were
present in the living animal. A short distance from the
front margin of the left eye there is a little elongate struc-
ture which is included in fig. 11 of KUKALOVA-PECK’s
paper (1985; Fig. 5 herein) but which is not mentioned in
her text. It is probably the structure which she interpreted
as a beak in 1980 (see below). I have been unable to con-
firm that this structure was part of the specimen. As it
shows longitudinal striae, it appears more probable that
it is a small fragment of plant origin. It is definitely not a
part of one of the mouth parts. Hence. no indication of a
beak is preserved in the type specimen of Lithoneura
lameerei. :

Prothorax: The tergite of the prothorax is preserved
as an elongate negative imprint probably not showing the
actual margins of the sclerite which may have been a lit-
tle broader in the living insect. i

According to CARPENTER 1938. “‘prothoracic.lobes are
clearly shown, and are 2.5 mm wide and 4 mm long (i.e.,
parallel to the longitudinal body axis).” HUBBARD &
KukaLOVA-PECK (1980) also stated that “the prothorax
carried a pair of large prothoracic winglets of the
palaeodictypteroid type” (see also KukALOVA-PECK
1985: 140). But in fact, no prothoracic lobes are present.
CARPENTER was misguided by a smooth area of the rock
surface near the prothorax which he interpreted as part of
the fossil and which he considered as the left pronotal
lobe (right lobe in the living animal) (Figs. | a, 2). In
addition, a portion of the rock is broken away, and the
resulting structures also contribute to the impression that
a prothoracic lobe might be present (WILLMANN 1998).
When I realised this during my examination together with
the late Prof. CARPENTER, he did not object to my inter-
pretation. My figures show the structures under different
illumination, Fig. 2 b showing their artefactual nature
best. (Just to indicate that comparable inorganic struc-
tures are common on the slab, a similar smooth (though
much larger) area on the rock surface can be seen behind
the fossil in Fig. 1 a). On the right side of the prothorax,
no structures are present that could be interpreted as
pronotal lobes.

Meso- and metathorax: Both meso- and meta-
thorax are large (Fig. | a). The legs are not preserved.

Wings: As the membrane is partly wrinkled. it is diffi-
cult to reconstruct the fine venation and even the posi-
tion of many crossveins. The longitudinal veins are gen-




The Upper Carboniferous Lithoneura lumeerei (Insecta, Ephemeroptera ?) 291

R e
i .

— e T

Fig. 1a, b. Lithoneura lameerei CARPENTER 1938, holotype (MCZ 4537). counterpart. Wing span as preserved 6.4 cm. A, anal
vein: CuA. CuP. anterior and posterior cubitus: M. media: MA_ media anterior. (MA) in Fig. 1b, doubling of the media anterior
due to preservation. Such doubling also occurs in RS and part of MP: for conditions in the living animal. see other fore wing. —
R. radius: RS. radial sector: Sc. subcosta. — Scale bar = 5 mm.




Fig. 2a, b. Lithoneura lameerei. Head (h) and prothorax (pth) under different illumination with plant remains (p) in front. The
smooth structure on the left side of the prothorax is due to the breaking off of pieces of the slab and was misinterpreted as
prothoracic lobes by earlier authors. The small head is hardly visible in Fig. 2 a, compare Fig. 4. — Scale bar = 1 mm.
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erally well preserved. To facilitate comparison, the ve-
national terms used here are sometimes augmented by
those of KUKALOVA-PECK in parenthesis.

Fore wing. costal area. - According to Ktka-
LOVA-PECK there is a branched additional vein, ScA, be-
tween the wing margin and Sc (her ScP). What she inter-
prets as the anterior branch of ScA is indeed visible on
the part of the specimen, but whether or not this is a
veinlet is hardly possible to decide. What KUkALOVA-
PECK views as a posterior branch of ScA (ScA ;) is, in
my opinion, the fore margin of Sc, which is considerably
broadened near the wing base (see below: fore and hind
wings, pteralia). The broadened base of Sc is the
basisubcostale sensu BRODSKY (1994).

Fore wing, R (= RI1) ari’d';v;{RS. — CARPENTER' .
(1938) has drawn R, and RS as being fused near the wing
base. The two veins are, however, ‘entirely separate.

CARPENTER (1943: 14) remarked that R and RS are com-
pletely independent in the larger species Lithoneura
mirifica, adding that “this condition-undoubtedly existed
in lameerei but it was not clearly visible in the type.”

Fortunately, 1 can confirm tvha‘tf the latter is not the case .
(see also KUKALOVA-PECK-1985: fig. 12). RS is fused’

over a short distance with M (cleatly visible only in the
left fore wing, as the right wing seems to have moved a

little immediately after embedding, thus doubling im- '

pressions of some veins and obscuring details; see Figs.
1a,b).

Fore wing. M and Cu.-According to KUKALOVA-
PECK (1985: fig. 12), M and the base of CuA are con-
nected by a short strut. As Figs. 6 and 7 show, there is no
such structure, but there is a raised area of the membrane
in this part of the wing (preserved as a furrow in the coun-
terpart). If one proceeds from the wing margin to the
base, CuA leaves the raised area of the wing to meet CuP,
while the raised wing area continues towards M without
altering its course. CuP is markedly bent before reaching
the wing margin.

Fore wing, anal area. - Basal to the cubital and
anal veins, there is an elongate depression (preserved as
a raised area in the counterpart). According to
KUKALOVA-PECK, this field is separated from the anal
area by the first anal vein (AA .. of her nomenclature).
In the type specimen of Lithoneura, however, no such
vein is preserved; what she interprets as the first anal vein
is obviously a fold. The fold becomes less pronouncéd
before reaching CuP which is visible in the hind wings.

In the fore wing, the base of A, sensu CARPENTER
(1938; AA, sensu KUKALOVA-PECK 1985) obviously
meets CuP (CuP + AA, sensu KUKALOVA-PECK). This is
difficult to see as there are several wrinkles in the mem-
brane obscuring the connection in the left wing, and ir-
regularities in the rock suggestive of a connection in the
right wing further confuse the situation. CARPENTER had
drawn CuP and A, as being entirely separate.

What KukaLova-PECK interprets as a concave fold (f

in her figs. 12-13) crossing the area basal to Cu and A is
more likely a true vein. According to KUKALOVA-PECK, it
continues into the anal area as an intercalary vein and the
alleged fold mentioned above is more likely exactly that
vein. CARPENTER (1938) considered it to be A,. and 1
agree with his view.

Hind wing. - As with the fore wing, KUKALOVA-PECK
interprets the broad base of Sc as two veins, and again 1
cannot confirm the existence of the strut which she be-
lieves to occur between M and the base of CuA. CuA is
basally fused to the stem of the media (in contrast to the
fore wing, where the two veins are entirely separate). CuP
is markedly bent, even stronger than in the fore wing. As
in the fore wing, there is obviously no vein surrounding
the elevated area at the wing base (depression in the liv-
ing animal if seen from the dorsal side), but only a
marked fold. ;

A, is obviously fused over a short distance with A,. It
is difficult to judge the nature of this vein, but compari-
son with the fore wing contributes to its homologization.
It is obviously the branched vein interpreted as A, in the
fore wing, which extends, if one proceeds from the wing
margin 1o the base, into the depression (elevated area in
the fossil) at the wing base. ' ‘

Fore and hind wing, pteralia. —Inboth the fore
and hind wing some pteralia can be recognized. No true
plate is visible at the base of Sc. However, the base of Sc
is enlarged, and therefore the two furrows accompanying
Sc are far apart in this area. This led KUKALOVA-PECK to
assume that there are two branches to Sc which she called
ScA and ScP (see above; Fig. 9a). The radial plate lies a
little behind the base of Sc and behind the beginnings of
R and RS, which are separate from the radial plate. There
is no indication of the pteralia called median basivenale,
cubital basivenale, anal basivenale and jugal basivenale
by KukaLovA-PeEck which she shows in her figs. 12 and
13 (1985). Figs. 6 - 7 show the respective areas of the left
and right fore wings under different illumination; for the
hind wing see Fig. 10 a-b (see also Fig. 8).

Abdomen: CARPENTER ( 1938) described the abdomen
only briefly, as it is only weakly preserved, writing “The
abdomen is slender, being about 2 mm wide.” Indeed
only a few segments are discernible. The end of the ab-
domen is not preserved.

Comparison with other species: Only the hind
wing is known of the much larger Carboniferous L.
mirifica CARPENTER 1943. In this species, there is no lon-
gitudinal vein between C and Sc, R and RS are separate.
MA touches RS, CuA and the stem of M are fused, CuP
is strongly bent shortly before the wing margin. In these
characters as well as in many additional details, there is
total agreement with the hind wing of L. lameerei, thus
confirming the results obtained during the re-examina-
tion of this species. While in L. Jameerei Al and A2 are
fused over a short distance. the two veins are close to one
another though separale in L. mirifica (CARPENTER 1943).
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Fig. 3. Lithonenra Jameerei. Head. e. eye: an?. basal portion of left antenna (interpretation uncertain, see text). — Scale bar
= | mm.
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The phylogenetic position of Lithoneura
lameerei

The exact phylogenetic position of Lithoneura must re-
main unresolved pending better knowledge of early
pterygote evolution. Quite a number of important ques-
tions can be answered now, however, and some earlier
assumptions appear unlikely now.

CARPENTER (1938) believed that Lithoneura belonged
to the Palaeodictyoptera and within this taxon, to the
Syntonopteridae. This does not mean much in terms of

phylogenetic relationships, however, as he regarded the’
Palaeodictyoptera as what we would today call a para-
phyletic group: in 1943 (p. 14) he wrote that “the evi-

dence still indicates that [the Syntonopteridae] were re-
lated to the stock which produced the Plectoptera”
(Plectoptera = little used name for mayflies). Other au-

thors considered the Syntonopteridae to be palaeo- -

dictyopteroids as well (e.g. HANDLIRSCH 1911, 1919;

RICHARDSON 1956; KUKALOVA-PECK in several publica- -

tions, see KUKALOVA-PECK 1985: 939). while WOOTTON

(1981: 328), EDMUNDS & TRAVER (1954) and SHAROV |

(1966) favoured the view -that they belong to the
Ephemerida (see also KRISTENSEN 1981: 141 for Litho-

neura). LAURENTIAUX (1953) constituted a new order .-

*Syntonopterodea’, but this did not contribute to the dis-
cussion about where the Syntonopteridae belong.

Phylogenetic significance of the mouth parts

It appears possible that the Palaeodictyopteroidea
(Palaeodictyoptera, Megasecoptera and Diaphanoptero-
dea) are a monophyletic group as they have a haustellate
beak, which is sometimes considered to be an autapo-
morphy of the group. When CaRPENTER placed the
Syntonopteridae in the Palaeodictyoptera again in 1992,
he did so because “KUKALOVA-PECK (HUBBARD &
KUKALOVA-PECK, 1980) has reported the presence of a
haustellate beak in the type specimen of the synto-
nopterid genus Lithoneura. All the Palacozoic Epheme-
roptera known had normal, dentate mandibles.” This
would have been a good argument indeed, but in fact no
such beak is preserved in L. lameerei (Figs. 1, 3, 4), and
I am convinced that it was not present in the living ani-
mal, either (see above). HUBBARD & KUKALOVA-PECK
(1980: 27) considered Lithoneura to be a palaeodictyop:.
teroid which is “strongly convergent in venation and in

Fig. 4a, b. Plant remains (p) in front of the head (h) of Litho-
neura lameerei. misinterpreted as an antenna by an earlier
author. The head is hardly visible under the chosen illu-
mination. Fig. 4b shows the left portion of the plant fragment
shown in Fig. 4a under different illumination and further
enlarged. There is no evidence of antennomeres as figured by
KUKALOVA-PECK (1985), while a longitudinal striation typical
of plant remains is clearly visible. For the size of the plant
remains. compare Fig. 2.

Fig. 5. Lithoneura lanteerei. KUKALOVA-PECKs (1985) draw-
ing of the holotype for comparison with the description given
in the present paper.

the body shape to mayflies”. They believed the head to
be “palaeodictyopteroid with long heavy antennae, bulg-
ing eyes, ... a swollen clypeus where the cibarial muscles
were attached”, and as having “small remnants of a beak™
and viewed these structures as decisive for deriving the
phylogenetic position of the species. Unfortunately, the
structures interpreted as remnants of a beak were neither
described by HUBBARD & KUKALOVA-PECK (1980) nor by
KUKALOVA-PECK (1985), but fig. 11 in KUKALOVA-PECK
(1985 |Fig. 5 in the present paper]) shows an elongate
structure in front of the head which is probably what she
had interpreted as a beak in 1980. But as any reference to
the structure is omitted from KukALOVA-PECK’s 1985 de-
scription of Lithoneura, and as she gives some qualifica-
tions on p. 939, it is possible that she had, in the mean-
time, realised that the structure is at least not a beak.
With respect to other characters discussed by HUBBARD
& KukaLovA-Peck (1980) it should be mentioned that
no bulging eyes are present in the fossil, and there is also
no indication of a “swollen clypeus’ which might be used
to argue in favour of a close relationship to the Palaeo-
dictyopteroidea (see under ‘description’).

Significance of the antennae

Short, bristle-like antennae in the Odonata and Ephe-
meroptera have been interpreted as a synapomorphy of
the Ephemeroptera and Odonata. This is why LAMEERE
subsumed the Ephemeroptera and Odonata under the
name ‘Subulicornia’. The character, however, applies to
Palaeozoic Palaeoptera only with limitations, as in early
odonates, the antennae were somewhat longer than in
Recent species (BRAUCKMANN & Zessin 1989). [f
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Fig. 6a, b. Lithoneura lameerei. Base of right fore wing (counterpart; left forewing of the living animal). Fig. 6b shows the same
area with light reversed; negative structures of Fig. 6a therefore appear as positives and vice versa. This would be the condition
in the living animal if the wing is seen from dorsal view. Fig. 6b shows particularly well the enlarged base of Sc and the radial
plate behind it. There is no indication of the plates called median basivenale. cubital basivenale. anal basivenale and jugal
basivenate which KukaALOVA-PECK shows in her fig. 13 (1985: here Fig. 9b). What she interprets as a concave fold (f) crossing the
Cu-AA area continuing into the anal area as an intercalary vein behind AA |, (Fig. 9 herein) is more likely a true vein. — Sc.
subcosta: R. radius: RS. radial (sector): M. media: CuA. cubitus anterior. — Scale bar = | mm.
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Fig. 7. Lithoneura lumeerei. type. Base of left fore wing (right fore wing of the living animal). [llumination as in Fig. 6a. -

CuP. cubitus posterior; A,, second anal vein. — Scale bar = 1 mm.

o

Fig. 8. Base of fore wing of Lirhoneura lumeerei, type (on the right), and of the Recent species Ephemera danica, Ephemeroptera
(Niemetal near Gottingen. Germany; dorsal view) (on the left). Concave and convex tolds are reversed in the fossil (negative
impression). A major difference between the two is the lack of a costal brace (cb) and the more nuimerous anal veins in the former
species (plesiomorphies) and the fusion of MA and RS near the wing base in Epliemera.

Lithonenra is an early ephemeropteron. very long anten-
nae in this taxon would of course weaken the assumption
that the mayflies and odonates are sister groups. As men-
tioned above, however, the alleged long left antenna in
the type of Lithoneura lanieerei is a plant remain. The
true antennae are unknown (see also WILLMANN 1997).

Significance of the prothorax

Many Palaeodictyopteroidea (Palacodictyoptera. Mega-
secoptera, Diaphanopterodea) had prothoracic lobes.
Contrary to earlier descriptions, no such lobes are pre-
served in Lithoneura. Taking this character and further
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Fig. 9. Lithoneura lameerei, type specimen, bases of wings after KUKALOVA-PECK 1985. — a, fore wing: b, hind wing.

evidence (absence of a beak; separate R and RS, for the
latter character, see below) into consideration, it is obvi-
ous that Lithoneura is not a palaeodictyopteroid.

Significance of the structure of R and RS

In the Neoptera and Palaeodictyopteroidea, R and RS are
fused near the wing base. In Lithoneura, R is completely
independent from RS. As R and RS are also independent
in mayflies and odonates, FORBES (1943) believed the
Palaeodictyoptera and Megasecoptera to be allied closer
to the Neoptera (see also HENN1G 1969: 148). Thus he
regarded the independence of R and RS as plesio-
morphic, as did EDMUNDS & TRAVER (1954: fig. 8). In the
opinion of CARPENTER (1963: 127-128), however, this is
a derived character of Recent mayflies. In Triplosoba,
usually considered to be a Carboniferous mayfly (e. g.
CARPENTER 1992: 19, CARPENTER & BURNHAM 1985:
303; WooTtToN 1981), R and RS are tused near the wing
base. This is considered as primitive by CARPENTER
(1963), and he believed lhat the separation of R and RS
occurred in more derived Ephemeroptera by migration
of the origin of RS towards the wing base. This is also
the theory of TiLLYARD (1932: 104-105). The situation in
the alleged mayfly Triplosoba was important for this in-
terpretation, but in actual fact, its phylogenetic position
is uncertain, and it is possibly not a mayfly. FORBES
(1943) views the fusion of R and RS as being derived,
concluding that Triplosoba ‘“certainly belongs in the
company of Palaeodictyoptera” (1943: 398). Thus no
definite mayfly is known which has R and RS primarily
fused.

The-discussion shows that two conflicting interpreta- =
tions have been published:

R and RS as separate veins may be either (1) a synapo-
morphy of odonates and ephemeropterans or (2) a sym-
plesiomorphy. Under possibility (1) species with separate
R and RS can be Odonata and Ephemeroptera or stem-
group representatives of the Odonata + Ephemeroptera.
Under assumption (2) such species can be either stem-
group representatives of the pterygotes, or they are odo-
nates, or mayflies, or representatives of their stem group
(if the two combined are a monophylum). or they belong
to those stem groups that would have to be assumed if
the odonates or the mayflies are more closely related to
the remaining pterygotes, or they are early species of the
stem group of the Palaeodictyopteroidea + Neoptera.
(Things would be more complicated if fusion of R and
RS had occurred more than once, as in that case the
Palaeodictyopteroidea and Neoptera need not be closely
related.)

1 am inclined to think that a third interpretation with
respect to the seffaration of R and RS, namely conver-
gence is less likely as the character does not occur in any
other insect group which possibly indicates that it is for
some reason difficult to separate the two veins. It must
be mentioned, however, that with respect to both Palaeo-
zoic mayflies and odonates the descriptions and illustra-
tions are sometimes not clear as to whether or not R and
RS are fused. The convergence hypothesis would. of
course, be supported if some species both primitive may-
flies and odonates had the two veins united at the wing
base. Separate R and RS would be a convergent charac-
ter if CARPENTER Was right in assuming that it is derived
in Recent mayflies.
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Fig. 10a, b. Lithoneura lameerei. Base of left hind wing (right hind wing of the living animal) under different illumination, in
Fig. 10b more enlarged than in 10a. INlumination in Fig. 10a is chosen in such a way that the impression of a dorsal view of the
living animal is achieved. while Fig. 10b shows the condition in the fossil (counterpart). — MP. media posterior: CuA. cubitus
anterior, CuP. cubitus posterior. — Scale bar = | mm.
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Fig. 11. Lithoneura lameerei. Portion of left fore wing.
showing wrinkling of the membrane. Front margin of the wing
above. The upper middle section of the photo shows fusion of
MA and RS. Abbreviations as in prevnous hﬂures = Scale bar
=1 mm.

Significance of the pteralia

The base of Sc is broad which led KukaLovA-PECK to
assume that there are remnants of two branches to Sc
{ScA;, and ScP in her terminology). There is, however,
no evidence of two branches (Figs. 6 and 8). The radial
plate lies behind the base of Sc, and R and RS are sepa-
rate from the radial plate. As mentioned above, there is
no evidence of the pteralia called median basivenale, cu-
bital basivenale, anal basivenale and jugal basivenale by
KuUKALOVA-PECK. Lithonerra had only few pteralia, and
the wing base was very similar to Recent mayflies. If R
and RS are primarily separate in the Pterygota (see dis-
cussion in the preceding section) and if the Palaeo-
dictyopteroidea are more closely related to the Neoptera
because they have R and RS fused at the wing base, there
were originally no 32 pteralia that became partially fused
in many taxa. but a much smaller number. This view
stands in contrast to what KUKALOVA-PECK believes. If
32 pteralia were present in some Palaeodictyoptera (as
stated by KUKALOVA-PECK). this number must be inter-
preted as derived.

Significance of fusion of MA and RS

In Lithoneura and the Ephemeroptera, MA is partially
fused to RS. In the odonates including the “Protodonata”,
this fusion occurs as well (TiLLYARD 1932: 104), but the
branching pattern is different which may be due to the
narrowing of the wings (narrowing as a derived charac-
ter of “Protodonata”: FORBES 1943: 399). It is not clear
whether the fusion is a synapomorphy ot the Odonata and
Ephemeroptera. If not, Lithoneura is a mayfly. In the fore
wing of Triplosoba, MA meets the base of R+RS, while
MA is remote from RS and fused to MP in the hind wing
(CARPENTER 1963). This condition is quite different from
that in Lithoneura. the Ephemeroptera and the QOdonata,
and because of this and other evidence (fusion of R and
RS, see above) 1 do not believe that Tnplosoba is a
mayfly.

Ephemeropteran affinities of Lithoneura

As mentioned above, Lithoneura is often considered to
be an ephemeropteran. But at present, no-certain syn-
apomorphy shared by Lithoneura and Recent -Ephe-
meroptera is known, although the triads formed by RS,
M, and CuA are suggestive of those in the mayflies, and
the fusion of MA and RS is similar. On the other hand,
several characters known to be autapomorphies of the
Recent Ephemeroptera were not yet developed in Litho-
neura: (1) Lithoneura had no costal brace. The statement
of KukALOVA-PECK (1985: 940) that a “gently arched but
very strong subcostal brace” (ScA) is present, is not cor-
rect. | view the structure under consideration as part of
the broad base of Sc (see above). A costal brace is present
in Permian Ephemeroptera like the Protereismatidae and
Misthodotidae (TiLLYARD 1932). Their costal brace does
not yet reach the costa. (2) The hind wing is large in
Lithoneura, while it is much smaller in Recent mayflies.
(3) The hind wing of Lithoneura has a pronounced anal
area, while the anal fan is smaller in other Ephemeroptera
with large hind wings. e.g. Protereismatidae. Many deci-
sive structures (mouth parts, antennae, legs, abdomen)
are not or not sufficiently well preserved in the type of
Lithoneura lameerel, and the character states of many
wing structures of early pterygotes still need to be worked

out. -

Conclusions

Lithoneura lameerei does not belong to the Palaco-
dictyopteroidea but is obviously closely related to the
Odonata and Ephemeroptera, sharing with them inde-
pendent R and RS, fusion of MA with RS over a short
distance and a wing base similar to that in the Ephe-
meroptera (Fig. 12). Although the triads formed by RS,
M and CuA are suggestive of the Ephemeroptera. it is not
entirely clear whether Lithoneura belongs here as the
character may have been present in the stemgroup of the
Ephemeroptera + Odonata (provided the two are sister
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Triplosoba

Palaeodictyo— Neoptera
pteroidea

* Fig: 12. One of several hypotheses about the relationships among the lower Ptergota. Note that several of the characters indicated

here as derived may well be interpreted in different ways (see text: for a review of concurring views on the affinities of Recent
basal pterygote groups. see SOLDAN 1997). Only taxa mentioned in the text are considered. —~ Apomorphies: 1: wings with simple
CuP (plesiomorphic characier?), with MA and RS being fused over a short distance and with intercalary veins (character state
uncertain). 2: short antennae. 3: galea and lacinia fused. 4: aquatic larva. 5: triads formed by RS. M. and Cu. 6: costal brace. 7:

anal fan of hind wing small. 8: hind wing small. 9: stems of R and RS fused near wing base. 10: loss of caudal (= terminal)_

filament. 11: haustelate beak.

groups). Apart from this structure, no possible autapo-
morphy of Recent mayflies is visible. Lithoneura shows
no autapomorphy of the Odonata (sensu lato, including
the Protodonata [= Meganisoptera]). Again, the results of
the restudy of Lithoneura lameerei mean that there is
currently no evidence that large prothoracic lobes were
ever present in the Ephemeroptera, if Lithoneura belongs
to this group, as, contrary to earlier descriptions, no such
structures are preserved in Lithoneura. Should Litho-
neura belong in the stemgroup of the Odonata + Ephe-
meroptera (provided the two are sister-groups), there
would be no evidence of such lobes even among the com-
mon ancestors of the mayflies and odonates. Finally,
there is still no evidence for particularly long antennae in
early representatives of the Odonata or Ephemeroptera.
Among others, the structures previously considered as
being antennae and prothoracic lobes were misinter-
preted in the type specimen of Lithoneura lanieerei.

Triplosoba from the Upper Carboniferous of France,
sometimes regarded as the only true mayfly of that age,
is probably not an ephemeropteran,

iv
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