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ABSTRACT

The debate on the homologization of the wing venation of Orthoptera and some stem-Orthoptera is connected to the ques-
tion of insect wing venation groundplan. This broader topic can be seen as the ‘serial paradigm’ vs. the ‘M5 paradigm’
debate. Unlike implied elsewhere, it is demonstrated that homology hypotheses developed under the two different para-
digms have significantly different implications in terms of phylogeny, hence evolutive history at the level of Pterygota.
Evidence in support of one paradigm or the other is critically reviewed. Wing veins that are arguably not homologous have
been interpreted as M5 based on superficial similarity, and these interpretations do not withstand scrutiny. Based upon our

current knowledge, the serial pattern is to be preferred.
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INTRODUCTION

Modern attempts to establish homologies in wing vena-
tion across winged insects are based on two different para-
digms. The serial pattern paradigm posits the occurrence
of main veins dichotomizing into two sectors, the anterior
one being convex (i.e. elevated), the posterior one being
concave (i.e. located in a depression) (Lameere 1922,
1923). This pattern is followed by Kukalova-Peck (1991)
and Béthoux & Nel (2002), among other contributions and
authors. It is referred to as ‘classical’ by Béthoux (2007)
and ‘metameric’ by Rasnitsyn (2007). On the other hand,
the M5 pattern paradigm posits that the first fork of the
Media gives rise to an anterior stem MA + MP and a pos-
terior M5, the latter being convex. Additionally, the M5
pattern paradigm posits that the cubital system emits con-
cave branches only [“Cubital vein (Cu) dichotomised sub-
basally into anterior CuA and posterior CuP, both concave
(unless and until CuA merges with M5)”’; Rasnitsyn 2002a:
76]. The convexity of CuA as observed in most winged
insects is supposedly due to the fusion of M5 with CuA
[“[the] convex posteriormost branch of M, conventionally
termed M5, the fusion of which with the primarily concave
vein results in the familiar convex CuA”; Rasnitsyn 2007:
342]. In summary, the serial pattern and the M5 pattern
differ by the absence or presence of a posterior convex sec-
tor of M (M5), respectively, and the position of CuA at its
origin, convex or concave, respectively.

A discussion initiated by Gorochov (2005) regarding
the wing venation homologization developed by Béthoux
& Nel (2001) and Béthoux & Nel (2002) for Orthoptera and
Archaeorthoptera (including Orthoptera and some stem-
Orthoptera), respectively, prompted two recent contribu-
tions. The former is my reply to Gorochov (2005) (Béthoux

2007), in which I mainly argue that the interpretation by
Sharov (1968, 1971), followed by Gorochov (1995), is not
consistent with the serial pattern, while that of Béthoux &
Nel (2001, 2002) is. The second is a comment by Rasnitsyn
(2007) on Béthoux’s vs. Sharov-Gorokhov’s wing venation
debate, in which the author extends the debate to the wing
venation pattern of winged insects as a whole, and rele-
gates the problem on Orthoptera wing venation to a mere
nomenclatural issue. This new debate is actually connected
to the “serial wing venation pattern paradigm’ vs. the ‘M5
wing venation pattern paradigm’.

A reply to Rasnitsyn on the topic is necessary, as the
author overlooked several aspects relevant for this discus-
sion. There are several points to be addressed. First | argue
that, under the M5 pattern paradigm, Rasnitsyn (2007) did
not consider all possible interpretations of propositions by
Sharov (1968) and Béthoux & Nel (2002). Implications of
all interpretations onto phylogenetic hypotheses, under the
serial pattern and the M5 pattern paradigms, will then be
considered. | review evidence supporting the M5 pattern
paradigm as listed by Rasnitsyn (2007), starting with a re-
consideration of the claim that M5 occurs in Orthoptera
and Plecoptera. | discuss the evidence in support of the
serial pattern. Finally I apply parsimony at the level of the
paradigms.

MATERIAL AND METHODS

Wing venation abbreviations are repeated herein for
convenience: ScP, posterior Subcosta (sometimes referred
to as Sc in the literature); R, Radius; RA, anterior Radius;
RP, posterior Radius (sometimes referred to as Rs in the
literature); M, Media; MA, anterior Media; MP, posterior
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Media; Cu, Cubitus; CuA, anterior Cubitus; CuP, poste-
rior Cubitus; AA, anterior Analis; AAL: first anterior anal.
Where relevant, | use the nomenclature of CuP branches
elaborated by Béthoux & Nel (2002) for Archaeorthoptera,
itself based on that of Orthoptera (Béthoux & Nel 2001):
CuPa, anterior branch of CuP; CuPac, anterior branch of
CuPa; CuPap, posterior branch of CuPa; CuPb, posterior
branch of CuP. The abbreviation ‘M5’ refers to a putative
branch of M which is supposedly a convex posterior sector
of the Media.

Specimens referred to as PIN are housed at the Palae-
ontological Institute of the Russian Academy of Science
(Moscow, Russia). The specimen referred to as IWC OB
(accounting for Insect Wing Collection Olivier Béthoux)
belongs to my personal collection, temporarily housed in
the Museum of Zoology, State Natural History Collections,
Dresden (Germany).

Venation patterns and vein widths were drawn with
a stereomicroscope and camera lucida directly from the
fossil surface, both dry and under ethanol. The holotype
of Prophalangopsis obscura (housed at the NHM, Lon-
don) was positioned so that light produced by a light table
passed through the wings (Fig. 2.1,2). An optic fiber was
used for the Fig. 2.3. Hind wings of Mantodea illustrated
on Fig. 6 were cut off and mounted on slides in Euparal
medium. Photographs presented on Figs 2, 6.1,3 were
taken with light produced from a light table, using a dig-
ital camera Canon EOS 400D and a 50mm Macro lens,
coupled with an elongation tube as necessary. High mag-
nification photographs (Fig. 6.2,4) were taken with a Zeiss
AxioCam MRc 5 installed on a microscope Nikon Eclipse
600, driven by the software AxioVision 4.4. Original pho-
tographs were processed using Adobe Photoshop 7.0.
Pieces of dust were erased manually on the photograph
presented on Fig. 6.1 using the clone stamp tool. In case
of suspicion of ‘excessive cleaning’, | offer to provide the
original file on request. For convenience, Linnean taxon-
omy will be followed.

In the following | understand ‘neoptery’ as the capacity
to fold wings back on the abdomen, | apply the adjective
‘neopteran’ to species assigned to the Neoptera, and ‘neop-
terous’ to insects exhibiting neoptery.

NOMENCLATURE AND HOMOLOGY

Rasnitsyn (2007: 342) states that, regarding Orthoptera
and stem-Orthoptera wing venation, “because the MP of
Sharov-Gorokhov entirely corresponds to my M5, | would
like to state that Sharov’s and my patterns are substantially
identical and differ only nomenclatorially”. It is true that
Rasnitsyn’s M5 can been used to point out the same struc-
ture as Sharov’s MP Figs 1.1,2, respectively; see Rasnit-
syn in Gorochov & Rasnitsyn (2002), and Sharov (1968),
respectively]. However Rasnitsyn misses the point that
the character states ‘MP fused with CuAl’, as interpreted
by Sharov, and ‘M5 fused with CuA’, as hypothesized by
Rasnitsyn, could co-occur if one interprets Sharov’s MP
and Rasnitsyn’s M5 as M5 + MP in Orthoptera and stem-
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Orthoptera (Fig. 1.3). In other words, under the M5 pattern,
Sharov’s MP is not necessarily homologous to Rasnitsyn’s
M5, contra Rasnitsyn (2007: 342).

This problem also affects Rasnitsyn’s (2007) state-
ment that Béthoux & Nel’s (2002) CuA [elsewhere CuA
+ CuPa(ar) in Rasnitsyn (2007); Fig. 1.4] is homologous to
his M5. However CuA is not understood by Béthoux & Nel
(2002) as homologous to Rasnitsyn’s M5 but as homolo-
gous to CuA as in Storozhenko (2002), Kluge & Sinitsh-
enkova (2002), Zherikhin (2002), and Rasnitsyn (2002d),
among other researchers putatively ‘inspired’ by the M5
pattern [whose opinion about the M5 pattern is uncertain
but that for the latter, provided that Rasnitsyn states that
Gorochov & Rasnitsyn’s (2002) nomenclature “reflects
my opinion, not Gorokhov’s” (2007: 342)]. An alternative
interpretation demonstrates that the character states ‘CuA
(emerging from M + CuA) fused with CuP or its anterior
branch’ and “M5 fused with CuA’ can co-occur (Fig. 1.5).
Therefore Béthoux & Nel’s (2002) CuA and Rasnitsyn’s
(2007) M5 are not necessarily homologous.

It must be noticed here that Rasnitsyn’s (2007) state-
ment that “Béthoux’s hypothesis, if realized consistently,
requires a total renaming (in all insects) of M into M +
CuA, and Cu into CuP” is not only trivial but also inac-
curate. The nomenclature used by Storozhenko (2002)
for Grylloblattida, Kluge & Sinitshenkova (2002) for
Ephemeroptera, Zherikhin (2002) for Mantodea, and
Rasnitsyn (2002d) for Embioptera, among other authors,
need no modification for accommodating with the serial
pattern, and Béthoux & Nel’s (2002) hypothesis, which
only regards Orthoptera and stem-Orthoptera. The situa-
tion is rather opposite: application of the M5 pattern would
require a complete renaming of CuA as CuA + M5 in the
above-mentioned contributions, as well as in a significant
number of others.

HOMOLOGY AND PHYLOGENY

As demonstrated above, Rasnitsyn’s (2007: 343) state-
ment that “it should simply be accepted that the vein termed
the median by Sharov is named the same by me and M
+ CUA by Béthoux. Respectively, Sharov’s MP is myself
M5 and Béthoux’s CuA, while Cu of Sharov and myself
is CuP of Béthoux” does not take into account all pos-
sible interpretations. This view of the problem overlooks
the impact of a choice of one interpretation or the other
onto phylogenetic hypotheses. At the level of Pterygota,
the structure indicated by an arrow on Fig. 1 either is (1)
MP (+M5) that fuses with CuAl (Fig. 1.2,3), this charac-
ter state constituting a putative apomorphy of Orthoptera
(but see Sharov 1962), (2) CuA (+Mb5) that fuses with CuP
(Fig. 1.4,5), this character state constituting a putative apo-
morphy of a taxon including Orthoptera and stem-Orthop-
tera, or (3) M5 that fuses with CuA (Fig. 1.1), which is
considered as a plesiomorphy under the M5 paradigm, the
character state being considered as apomorphic of (most?)
winged insects according to Rasnitsyn’s (2002a) diagnosis
of Scarabaeona (= Pterygota). Hence the problem at hand
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Figure 1. Possible interpretations of the medio-cubital area in Archaeorthoptera and Orthoptera (colour-coding as follows: green, median system but
MB5; pink, M5; brown, Cu; orange, CuA; blue, CuP; red, AAL; see text for abbreviations): 1 — Interpretation by Rasnitsyn in Gorokhov & Rasnitsyn
(2002). 2 - Interpretation by Sharov (1968). 3 — Possible re-interpretation of Sharov’s (1968) proposition under the M5 wing venation pattern paradigm.
4 — Interpretation by Béthoux & Nel (2001, 2002). 5 — Possible re-interpretation of Béthoux & Nel’s (2001, 2002) proposition under the M5 wing vena-

tion pattern paradigm.

relates to the position of Orthoptera within winged insects,
and the proper identification of stem-Orthoptera and stem-
Pterygota.

Likewise the position of the branching of M into MA
and MP, as well as the number of branches of the respec-
tive veins, is different under Sharov’s interpretation (Fig.
1.2; see also Fig. 1.3) on one hand, and Rasnitsyn’s and
Béthoux & Nel’s interpretations (Fig. 1.1, and Fig. 1.4,5,
respectively) on the other. Similarly the location of the
branching of Cu into CuA and CuP, the respective number
and location of Cu vein sectors, are different under Sha-
rov’s and Rasnitsyn’s interpretations on one hand (Fig.
1.1,2, respectively; see also Fig. 1.3), and Béthoux & Nel’s
interpretations on the other (Fig. 1.4; see also Fig. 1.5). The
impact of these characters (states) at the level of Perygota
is unknown, but they definitely must be considered.

Therefore | argue that the polemic on Orthoptera wing
venation pattern is not a mere nomenclatural problem, as
implied by Rasnitsyn (2007), but is fundamental for phyl-
ogeny hypotheses at the level of Pterygota. At this step it is
then essential to compare respective evidence in support of
the M5 and serial pattern paradigms.

DISCUSSION ON EVIDENCE SUPPORTING
THE M5 PATTERN

Regarding Orthoptera, the same vein has been inter-
preted as MP by Sharov (1968) and Gorokhov (1995), M5
by Rasnitsyn in Gorokhov & Rasnitsyn (2002), and CuA
by Béthoux & Nel (2001). The vein the nature of which
is under scrutiny is indicated by * on Fig. 2.1 and in the
following. Interpretations by Sharov (1968) (see Fig. 1.2)
and Rasnitsyn in Gorokhov & Rasnitsyn (2002) (see Fig.
1.1) predict the occurrence of a single tracheae (as it is, the
median trachea) in the stem that gives rise to the vein *. On
the other hand, the interpretation of Béthoux & Nel (2001)
(see Fig. 1.4) predicts that the stem from which diverges
the vein * is provided with two tracheae, M and CuA. In
order to determine the nature of the vein *, | investigated
the wing morphology of the extant species Prophalan-
gopsis obscura, which is widely recognized as a plesio-
typic member of Ensifera (Zeuner 1939, Sharov 1968). |
observed two tracheae in forewings of this species (Fig. 2).
A narrow trachea (indicated as M on Fig. 2.2) gives rise to
veins that are consistently interpreted as MA and MP by
Rasnitsyn in Gorokhov & Rasnitsyn (2002) and Béthoux
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Figure 2. Prophalangopsis obscura (Orthoptera: Ensifera; holotype specimen, extent). 1 — Dorsal view of the right forewing [* indicates the structure
interpreted as MP by Sharov (1968), M5 by Rasnitsyn in Gorokhov & Rasnitsyn (2002), and CuA by Béthoux & Nel (2001, 2002)]. 2 — Detail of the
right forewing as indicated on 1. 3 — Detail of the right forewing as indicated on 2.
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& Nel (2001). In other words, it likely is M. This narrow
trachea is located anteriorly to a broader trachea running
in the same tubular structure (indicated as CuA on Fig.
2.2). The median trachea does not fork at the level of the
divergence of the vein * (Fig. 2.2,3). Therefore the median
system does not take part in the composition of the vein *,
This observation is consistent with the prediction that can
be drawn from the interpretation by Béthoux & Nel (2001).
No M5 could be evidenced in Orthoptera, and MP does not
take part in the composition of vein *.

Béthoux (2005a) showed that the serial pattern is to
be preferred by demonstrating that, in Plecoptera, CuA is
convex from its origin, before any connection with another
structure. Rasnitsyn (2007: 343) argued that “the change in
the vein position is in my opinion not a very rare phenone-
mon [...] and, when a vein changes position along its length
(as is the case of CuA becoming convex after its fusion
with M5), the boundary between its convex and concave
parts may shift easily”, a proposition that can be taken into
account (pers. obs. in Palaeodictyopteroidea, Orthoptera,
Titanoptera). However it is unfortunate that Rasnitsyn uses
as an example the problem under scrutiny, hence providing
a circular reasoning. Later on Rasnitsyn (2007) explicitly
interpret Béthoux’s (2005a) arculus in stonefly wings as
M5: “the vein termed the arculus by Béthoux (2005) looks
like the typical M5 in the hind wings of most stoneflies
figured by him; thus the same homology of arculus apply
to the forewing as well” (my emphasis). However, it has
never been proven that the arculus is provided with a tra-
chea in hind wings of stoneflies, which would indicate its
origin from a main vein. On the contrary, Béthoux (2005a)
demonstrated that the arculus is free of trachea in forew-
ings of stoneflies, hence is not a main vein. Here Béthoux’s
(2005a) claim is independent of the vein position argu-
ment (convex or concave), which importance is minored
by Rasnitsyn (2007; see above). Coupled with the absence
of arculus in forewings of Austroperla cyrene, and the
occurrence of two arculuses in forewings of several speci-
mens of Pteronarcys californica, Béthoux (2005a) argued
that the arculus in forewing of Plecoptera is a secondarily
strengthened cross-vein. Hence there is no structure that
can be identified as M5 in forewings of Plecoptera. Using
Rasnitsyn’s deductive approach, this applies to hind wings
as well.

Resulting from this argument, the vein sector CuA is
convex from its origin in Plecoptera, which is an anomaly
under the M5 paradigm (under which Cu is supposedly
dichotomised into anterior concave CuA). One would then
have to make the additional hypothesis that a fusion of M5
with CuA occurs at the wing base, but this is unproven and
this proposition is not followed by Rasnitsyn (2007).

Rasnitsyn (2007) provides a number of references he
considers as demonstrative of the occurrence of M5 in vari-
ous taxa. | will discuss the presumed evidence following a
taxonomic order. The reference to Sharov & Sinitshenkova
(1977: fig. 2) concerns the fossil order Palaeodictyoptera.
The authors indicate a sclerotized and oblique structure
occurring between M and CuA on their restoration of
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fragmentary remains of Parathesoneura carpenteri, they
interpret as M5. Based on the photograph of the species
holotype provided in Belayeva et al. (fig. 140), | observed
that strong cross-veins occur between CuA (simple) and
CuP (branched). This leaves open the possibility that the
so-called M5 is such a strong cross-vein. This proposition
is supported by the fact that no structure interpretable as
M5 is described in the only known specimen of Parath-
esoneura anfractuosa (Sharov & Sinitshenkova 1977: fig.
2.d), a relative of P. carpenteri (if not synonym). In addi-
tion, Béthoux et al. (2007: fig. 1) illustrated a palaeodic-
tyopteran wing exhibiting cross-veins of variable strength
occurring in all areas between main veins. The organization
exhibited by Parathesoneura carpenteri is not conclusive.

The reference to Vignon (1929: pl. 1l fig. 1) concerns
the holotype of the palaeodictyopteran Archaemegaptilus
kiefferi. As interpreted by Vignon (1929), a marked struc-
ture ‘j’ is located between the veins ‘MA’ and ‘CuA,’.
Later to this connection, ‘CuA,’ is stronger. Vignon’s ‘j” is
arguably a main vein which continues as a strong vein and
reaches the posterior wing margin. Interpreting ‘j” as M5 is
consistent with the M5 paradigm. However, by its strength,
‘j” is similar to the anterior sectors of R and M. And alike
RA and MA, it is simple. These observations suggest that
‘j” is the anterior sector of Cu. Vignon’s CuA would then
be CuP, and CuA would be fused with M at the wing base.
Therefore, a serial-pattern-based interpretation is plausi-
ble. This species is known from a single specimen and its
phylogenetic position cannot be ascertained independently
from the homologization of ‘j’ structure.

Rasnitsyn (2007) refers to Vignon (1929: pl. Il fig. 2),
presenting a photograph of a forewing of Dictyoptilussepul -
tus (Palaeodictyoptera), in which no structure is referred
to as ‘j’ or ‘M5’. The sector CUA is concave at its origin,
connects to M, and turns convex. Because CuA connects
to M, there is no evidence of a free M5. In Dictyoptilus
peromapteroides, CuA does not connect to M, and there is
no strong structure located between CuA and M (Kukalova
19609: fig. 43). Therefore, the shift in the position of CuA
cannot be explained by the fusion with a hypothetical M5.

Also regarding the Palaeodictyoptera, Rasnitsyn (2007)
mentions Sinitshenkova (1979), without reference to a
peculiar figure. In this contribution, the family Tchirkovaei-
dae is erected. In the diagnosis of the family Sinitshenkova
(1979) mentions a “remainder of M5 connecting base of M
to base of CuA”. It is arguable whether this ‘remainder’ is
indicative of a main vein or of a strengthened cross-vein. It
is unfortunate that parts interpreted as M5 are not indicated
on the figures. As a result, interpretations of the author are
difficult to follow. Notably, the differences between the
wing venation of the specimens 3115/29 (fig. 4a; forewing)
and 3115/157 (fig. 5a; hind wing), both considered as rudi-
ments of nymphal wings of Tchirkovaea guttata, are not
explained, and locating M5 in the former is not evident.

It is important to assert here that there is no structure
that can be interpreted as M5 in the great majority of the
Palaeodictyoptera (Carpenter 1992: figs 17.1,3,4,6-12,
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18.1,3-4, 19, 20.2, 21.1,6,8, 22-27, 28.6; among other
contributions, see also Carpenter 1967: plates 8,10, fig.
1,3; Kukalova 1969a: figs 1-11,13,17,19,20,22,24,26,28;
Kukalova 1969b: figs 29-33,38-41,43,44,46,49; Kukalova-
Peck 1971: figs 1,3-15; Brauckmann 1991: figs 1-4, 11-14;
Brauckmann & Herd 2002: fig. 11; Béthoux et al. 2007:
fig. 1). In several nymphs of Palaeodictyoptera, no struc-
ture interpretable as M5 can be pointed out (Carpenter &
Richardson 1971; interpretation provided by Sharov &
Sinitshenkova 1977: fig. ¢ is not positively supported by
photographic evidence). Rasnitsyn’s (2007) position holds
only if one considers that the few taxa exhibiting a putative
M5 are stem representatives of the group, but there is no
evidence independent of the occurrence of M5 supporting
this view. In addition a loss of M5 must be advocated for
taxa listed above.

Regarding the palaeodictyopteroidean orders Diaphan-
opterodea and Megasecoptera, Rasnitsyn refers to the text-
figs. 1-3 in Kukalova-Peck & Brauckmann (1990; ‘st’) as
demonstrative of the occurrence of a M5, as it is in Diaph-
anopterodea (he refers to this data also as in Rasnitsyn &
Quicke 2002: text-fig. 150). However Kukalova-Peck &
Brauckmann (1990) interpreted the corresponding struc-
ture as a secondarily strengthened cross-vein. A strikingly
similar structure occurs between R/RP and MA in these
taxa, and it has never been interpreted as a main vein. The
similarity between these structures is also supported by the
fact both CuA and MA are effectively concave (or neu-
tral) at their origin and turn convex once connected to these
structures. No convex posterior stem of RP has ever been
advocated for explaining the shift of position of MA (see
also Vignon 1929: pl. I, fig. 2, in which there is no cross-
vein occurring between MA and RP, , but MA is concave

Figure 3. Eukuloja cubitalis (PIN 3353/6, right forewing, negative imprint,
light-mirrored, flipped). 1. General view. 2. Detail of the wing base.

224

Olivier BETHOUX

at its origin), therefore | see no reason to advocate such a
convex posterior stem for explaining the shift of CuA. I
see no reason not to follow Kukalova-Peck & Brauckmann
(1990), and consider that CuA, alike MA, is connected
to the vein sector anterior to it by a strengthened cross-
vein. Regarding the Megascoptera, it is worth noticing that
there is no structure interpretable as M5 in known nymphal
wings (Carpenter & Richardson 1968).

The reference to Sinitshenkova (1979) concerns ‘per-
mothemistidan’ insects, considered as members of the
order Megasecoptera (Sinitshenkova 2002) or sister-group
related to it (Grimaldi & Engel, 2005). Indeed CuA is con-
cave (or neutral) before being connected to a sclerotized
structure located between M and CuA. However, this struc-
ture can equally be interpreted as M5 or as a cross-vein.
In any case, permothemistidan insects are not considered
as stem-representatives of palaeodictyopteroidean insects
(Sinitshenkova 2002, Grimaldi & Engel, 2005).

In summary, diaphanopterodean, megasecopteran, and
permothemistidan insects, as well as some palaeodictyop-
teran insects exhibit a CuA that is concave (or neutral) at its
origin and turns convex at some point of its course, usually
once connected to a structure located between M and CuA
(but in D. Peromapteroides, and see below). This organi-
zation applies to MA as well, which is connected to R or
RP via a cross-vein. It is then plausible to consider that
CUA is connected to M via an homologous structure, i.e. a
cross-vein. This proposition is supported by the organiza-
tion exhibited by representatives of the family Eukuloji-
dae, assigned by Sinitshenkova (2002) to the Dictyoneu-
rida (=Palaeodictyoptera), in which wings are totally free
of cross-veins. No M5 can be identified. Nonetheless, MA
and CuA are concave (or neutral) at their origin and turn
convex at some point (Fig. 3).

Rasnitsyn (2007) lists the figs 12-14 in Kukalova-Peck
(1985), on which a strut located between M and CuA is
indicated on wings of Lithoneura spp.. This taxon might
be representative of Ephemeroptera. However Kukalova-
Peck’s (1985) observations and interpretations were chal-
lenged by Willmann (1999), who reports the absence of
this ‘strut’. At least this case is not conclusive.

Rasnitsyn (2007) refers to the fig. 87 in Belayeva et al.
(2002) as indicative of the occurrence of M5, as it is in
mayflies. However, no M5 is referred to in this figure, nor
is in the diagnosis of Ephemeroptera in the correspond-
ing contribution (Kluge & Sinitshenkova 2002). Rasnitsyn
(2007) also mentions the figs. 10B, C in Carpenter (1979),
which are photographs of wing-pads of the Lower Permian
mayfly Protereisma americanum. A putative M5 is not
indicated on these photographs and was | unable to locate
it. The serial pattern is readily applicable to mayfly wing
venation indeed (Séguy 1959, Carpenter 1979).

Rasnitsyn (2007) states that the “most primitive Car-
boniferous Grylloblattida” exhibit a M5. He refers to the
fig. 106 in Storozhenko (1998), on which the forewing of
Dalduba faticana (Daldubidae; see Storozhenko 1996)
is illustrated (see Fig. 4; see also Storozhenko 2002: fig.
397). However, rather than being a support, the morphol-



Olivier BETHOUX

ogy exhibited by this species is an anomaly for the M5
paradigm. The structure interpreted as M5 by Storozhenko
(1996), putatively followed by Rasnitsyn (2007), connects
to a vein that is clearly convex from its point of divergence
with CuP (the position of which is not debated), with no
visible ‘shift” of the vein position along its course (Fig.
4; evident concave veins are indicated by * of Fig. 4.2-
3). Whichever interpretation is followed, this vein is CuA.

THE QUESTIONS OF THE INSECT WING VENATION PATTERN

Therefore, CuA is convex from its origin, which contradicts
the M5 paradigm axiom “Cubital vein (Cu) dichotomised
sub-basally into anterior CuA and posterior CuP, both con-
cave (unless and until CuA merges with M5)”. | tentatively
interpreted Storozhenko’s (1996) M5 as a strengthened
cross-vein similar to that occurring in Plecoptera. It must
be noticed that the assignment of D. faticana to the Gryl-
loblattida is not clearly grounded.

i
[ o

Figure 4. Dalduba faticana (holotype PIN 3115/77, right forewing). 1 — Drawing of the wing venation. 2 — Negative imprint
(reversed; * indicate concave veins; ‘(M5)’ indicates the structure interpreted as M5 by Storozhenko 1996; a positive view of
the specimen can be obtained by turning this figure upside down). 3 — Positive imprint (under ethanol; indications as in B).
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Figure 5. Undescribed stem-Dictyoptera or stem-Blattodea (reproduced
from Laurentiaux 1958: pl. 31, fig. 5; Westphalian C, United-Kingdom).
1 - Right forewing, positive imprint. 2 — Detail of the right forewing as
indicated on 1.

Rasnitsyn (2007) also refers to the fig. 109 in Storo-
zhenko (1998), illustrating a hind wing assigned to
Vzeralduba nervosa (Daldubidae; see Storozhenko 1996).
A positive ordinal assignment of this taxon is impossible
due to the fragmentary state of the available material. After
the available information, it cannot be ruled out that V.
nervosa is a genuine Archaeorthoptera, the so-called ‘M5’
being the vein sector CuA diverging from M + CuA.

In his diagnosis of the order Grylloblattida, Storozhenko
(2002) states that “M5 [is] rarely present”. Following the
phylogenetic scheme of this author, having M5 absent is
considered as a character state synapomorphic of the node
2, encompassing the paraphyletic taxon Lemmatophorina,
which is sister-group related to the rest of the Grylloblatt-
ida. The state exhibited by the sister-group (node 7, encom-
passing Protoperlina and Grylloblattina) is not specified
but, considering that the presence of M5 is coded as apo-
morphic of the nodes 33, 54, 61, and 68, all nested deeply
within the Protoperlina and Grylloblattina, one is likely to
consider that neither Protoperlina nor Grylloblattina have
a M5 but few inner taxa. In other words, the great majority
of Grylloblattida do not exhibit any structure interpretable
as M5, and have a CuA convex from its base. Moreover,
the nature of the so-called M5 occurring in few ‘derived’
Grylloblattida is ambiguous: it can equally be interpreted
as a secondarily strengthened cross-vein acquired at nodes
33,54, 61, and 68 (see Béthoux et al. 2005, among others).
Therefore there is no positive evidence that plesiotypic (or
‘primitive”) Grylloblattida exhibit a M5.
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The contribution by Laurentiaux-Vieira & Laurentiaux
(1980) is listed by Rasnitsyn (2007) as indicative of the
occurrence of M5 in some Carboniferous ‘blattideans’
that are probable stem-Blattodea or stem-Dictyoptera. The
authors indicate the occurrence of a sclerotized oblique
structure located between M and CuA. They interpret
this structure as an ‘anastomosing vein’. They provide no
discussion about its origin. With respect to the M5 para-
digm, however, the morphology exhibited by these taxa is
an anomaly: again, the vein that is CuA (whichever inter-
pretation is followed) is convex from its origin, without
any shift of its position proximal and distal to the con-
nection to the so-called M5. This absence of alteration of
the position of CuA is conspicuous on specimens in which
this structure is located distal to the first branches of CuA,
which are also distinctly convex (Fig. 5). A number of
undescribed taxa illustrated in Laurentiaux (1958) exhibit
this organization.

Rasnitsyn (2007) lists the fig. 420 in Belayeva et al.
(2002) as indicative of the occurrence of M5, as it is in
the protelytropteran Apachelytron transversum. However,
no M5 is indicated on this figure, nor is on any figure of the
original description of the forewings of this species (Car-
penter & Kukalova-Peck 1964; see also Kukalova-Peck
1991: fig. 6.20A). Haas & Kukalova-Peck (2001) provided
a restoration of the same species with an oblique structure
occurring between the so-called ‘MP’ and CuA, slightly
stronger than surrounding cross-veins. However, no direct
evidence was provided. Therefore, the proposition that M5
occurs in Protelytroptera is no positively grounded.

Rasnitsyn (2007) refers to illustrations of taxa | assigned
to the Archaeorthoptera. The fig. 353 in Rasnitsyn (2002c)
illustrates the holotype of Eoblatta robusta. The fig. 355 in
Rasnitsyn (2002c) is based on the specimen NHM 1.7279,
assigned to Ctenoptilus elongatus by Béthoux & Nel
(2004), and is considered as a close relative of E. robusta
by Rasnitsyn (2002c) and Béthoux (2005c). First of all, no
M5 is clearly indicated on the figures listed by Rasnitsyn
(2007). Based on the same material and additional speci-
mens, Béthoux & Nel (2004: fig. 7 and figs 9-11, respec-
tively) described a convex stem (CuA/M5) diverging from
M and fusing with a concave vein (CuPa/CuA) in these
species, such as in P. obscura and other Orthoptera. This
observation was corroborated by recent accounts on taxa
that are putative relatives of E. robusta and C. elongatus,
for which well-preserved specimens are known (Béthoux
2005c: figs 1, 2; Prokop & Ren 2007: figs 4,5,7). The vein
referred to as CuA in these contributions could be inter-
preted as Rasnistsyn’s M5 or as M5 + CuA (see above),
assuming that these fossil taxa are not related to Orthoptera.
If so, unlike in the case of Grylloblattida, the presumed M5
connects to a concave vein. Because the course of tracheae
cannot be investigated in these taxa, they provide support
neither for the serial nor for the M5 pattern, as it conforms
to both (but see below).

Likewise the fig. 356 in Rasnitsyn (2002c) illustrates
a forewing of Narkemina angustata which venation con-
forms to the archaeorthopteran interpretation (Béthoux
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Figure 6. Hind wings of plesiotypic extent Mantodea. 1 — Chaeteessa sp., right hind wing, dorsal view (Dresden Museum of Zoology, Dresden, Ger-
many). 2 — Chaeteessa sp., detail of the right hind wing as indicated on 1 (* is located on the right side of the arculus between M and CuA). 3 — Metal-
Iyticus splendidus, right hind wing, dorsal view (IWC OB 192). 4 — Metallyticus splendidus, detail of the right hind wing as indicated on 3 (* is located
on the right side of the arculus between M and CuA).

2005b). The fig. 359 in Rasnitsyn (2002c) illustrates the
holotype of Protophasma dumasii. No M5 is indicated on
this figure and | presume that Rasnitsyn interprets as M5
the vein | (2003) interpreted as CuA. Drawings provided
on the fig. 360 in Rasnitsyn (2002c), illustrating material
belonging to the genus Gerarus, are based on literature
data and are inaccurate. Béthoux & Nel (2003) revised the
available material of Gerarus from Commentry (France)
and found the wing venation of Gerarus to conform to the
archaeorthopteran interpretation (Béthoux 2005b). Besides
the fact that photographic evidence is lacking, the fig.
361 in Rasnitsyn (2002c) does not convincingly illustrate
a contact of the so-called “M5” with “CuA’. Once again,
an archaeorthopteran interpretation, i.e. conforming to the
serial pattern, is possible. Finally, despite its fragmentary
state, the specimen illustrated by Bolton (1921: pl. 1, fig. 1)
and listed by Rasnitsyn (2007) exhibit a venation consist-
ent with an archaeorthopteran interpretation.

From this critical reappraisal, evidence listed by Ras-
nitsyn (2007) in support of the M5 wing venation pattern
paradigm is not conclusive. Some rather constitute anoma-
lies for this paradigm. Alternative interpretations consist-
ent with the serial pattern can be provided without advocat-
ing complex hypotheses. It is worth mentioning that there

is no evidence of the occurrence of M5 in stem-Odonata
(Riek & Kukalova-Peck 1984, Rasnitsyn 2002b). As indi-
cated by various authors (Ragge 1955, Smart 1956, Sharov
1962, Balderson 1991, Zherikhin 2002, Deitz et al. 2003 ;
among others), no M5 takes part in the wing venation of
Mantodea. In mantodean hind wings the strongly sclero-
tized structure occurring between M and CuA is free of
trachea (Fig. 6), hence cannot be considered as a main vein
(i.e. cannot be M5), and no M5 occurs in nymphal wings.
The same applies to the arculus in hind wings of Blattodea
(pers. obs.; Ragge, 1955)

In summary, there is no positive evidence of the pres-
ence of a M5 in winged insects. The M5 paradigm is ten-
able in the case of Carboniferous non-panorthopteran
archaeorthopterans, assuming that they are not directly
related to Orthoptera (which definitely lack a M5, see
above). Another aspect of Rasnitsyn’s (2007) argument is
the occurrence of M5 in “earlier” or “most primitive” taxa.
However, in all cases, this evidence is based on a mere
circular reasoning, as the position of these taxa is based
on the presumed occurrence of M5 only. When somehow
tested by congruence with other characters, the occurrence
of structure interpreted as M5 is found highly homoplasic,
and not conclusively plesiomorphic (Storozhenko 2002).
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DISCUSSION ON EVIDENCE SUPPORTING
THE SERIAL PATTERN

Rasnitsyn (2007: 342) mentions that “Kukalova-Peck’s
hypothesis suffers from a groundless conviction that the
venation in the ancestor of winged insects was completely
regular (metameric)”. In the meantime Béthoux et al.
(2007) pointed out a regular serial organization of wing
main veins occurring in several families of palaeodictyop-
teridan insects. In these taxa, anterior sectors of R, M, and
Cu are all simple, while posterior sectors are all branched.
This support for a serial homology is not based on veins
position (convex or concave), but rather on the branch-
ing pattern itself. Coupled with the vein position evidence
(anterior sectors are convex, posterior sectors are concave),
support for the occurrence of a serially arranged vena-
tion pattern in palaeodictyopteridan insects is compelling.
Since there is no consensus on the phylogenetic position
of palaeodictyopteridan insects with respect to ‘palaeop-
teran’ taxa and Neoptera (compare Kukalova-Peck 1991,
Rasnitsyn & Quicke 2002, and Grimaldi & Engel 2005),
the relevance of this pattern to the whole winged insects is
uncertain (Béthoux et al. 2007), though far from “ground-
less™.

The serial pattern suffers from no anomaly when
applied to the wing venation of Ephemeroptera and Odo-
nata (and respective stem-groups). The only anomaly
concerns the Neoptera, in which a strongly convex MA is
absent (Carpenter 1992). It must be noticed, however, that
the median system has probably been the most modified
system in neopteran insects. Its position in Mantodea and
Phasmatodea, for example, is uncertain (in prep.). The first
posterior branch of the Media is reduced or lost in the order
Cnemidolestodea (Béthoux & Nel 2004, Béthoux 2005b,
Béthoux & Nel 2005). More or less complete fusions of
the anterior branch of M with RP are known in Orthop-
tera (Sharov 1968, 1971). Therefore, in Neoptera, the com-
plete disappearance of MA, a loss of its convexity, or its
complete fusion with the radial system, are all plausible
hypotheses, although no positive evidence has ever been
provided.

PARSIMONY APPLIED TO PARADIGMS

As mentioned above, the wing venation of several taxa
assigned to the Archaeorthoptera by Béthoux & Nel (2002;
and subsequent publications) equally fits in the serial and
M5 pattern paradigms. For all other major pterygotan
groups, the loss of the M5 (or a hypothetical fusion with
CuA) must be advocated. A number of archaeorthopterans
can be excluded from the more derived taxon Panorthoptera
as outlined by Béthoux & Nel (2002) [there is no objec-
tive reason for synonymising Panorthoptera sensu Béthoux
& Nel (2002) with Polyneoptera as in Martins-Neto et
al. (2007), as Dictyoptera, Embioptera, and Plecoptera,
among other taxa commonly considered as of ‘polyneop-
teran affinities’, have never been considered as members of
the Panorthoptera by Béthoux & Nel (2002)]. The remain-
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ing taxa will be referred to as ‘stem-archaeorthopteran’ in
the following. They are the eoblattid insects or Rasnitsyn
(2002c).

Under the M5 paradigm and the Scarabaeones — Gryl-
lones phylogenetic frame, ‘stem-archaeorthopterans’
exhibit the putative plesiomorphic organization of the
medio-cubital area at the level of Pterygota. There is no
known phylogeny based on cladistic analysis including
fossil and modern Pterygota. Thus | rely on phylogenetic
analyses based on molecular data. They consistently
found a monophyletic Neoptera (Wheeler et al. 2001a,
2001b, Hovmoller et al. 2002, Kjer 2004, Kjer et al. 2006,
Mallatt & Giribet 2006), which contradicts the Scarabae-
ones — Gryllones hypothesis (Belayeva et al., 2002). Plac-
ing stem-archaeorthopteran as sister-group of all other
Pterygota would imply the gain of a convex MA, and the
loss of neoptery and of an expanded hind wing anal fan
in ‘paleopteran’ orders (‘stem-archaeorthopterans’ lack a
convex MA, are neopterous, and have an expanded hind
wing anal fan; Rasnitsyn 2002c, Béthoux 2003, Béthoux
& Nel 2004, Béthoux 2005b, 2005c¢, Béthoux & Nel 2005,
Béthoux 2006, Prokop & Ren 2007). Under this ‘aligne-
ment’, assuming a monophyletic Palaeoptera, three steps
are required (and up to six under various ‘paraphyletic Pal-
aeoptera’ hypotheses). Under the serial pattern, following
the venation interpretation by Béthoux & Nel (2002) and
an assignment of stem-archaeorthopteran within Archae-
orthoptera, i.e. within ‘polyneopteran’ orders, only a loss
of MA (or of its convexity) must be advocated for Neop-
tera. This option requires a single step and should then be
preferred.

CONCLUSION

Rather than being a mere nomenclatural problem, Ras-
nitsyn’s, Sharov’s, and Béthoux & Nel’s homology hypoth-
eses of Orthoptera wing venation, either under the serial
or the M5 pattern paradigms, have significantly different
implications in terms of phylogeny at the level of Pterygota.
Rasnitsyn’s (2007) mediation does not properly address
Béthoux’s (2007) position regarding Sharov’s homology
hypothesis (i.e. Sharov’s MP is CuA), but only Béthoux’s
(2007) position regarding Rasnitsyn’s homology hypoth-
esis as in Gorochov & Rasnitsyn (2002) (i.e. Rasnitsyn’s
M5 is CuA). This point is addressed herein. New observa-
tions and literature data definitely suggest that Béthoux’s
(2007) argument prevails over Gorochov’s (2005), the lat-
ter favouring Sharov’s homology hypothesis.

Structures that are arguably not homologous have been
interpreted as M5 based on superficial similarity. The tra-
chea filling the so-called M5 in Orthoptera does not belong
to the median system but to CuA. The absence of trachea
allowed the interpretation of the strengthened cross-veins
occurring between M and CuA as M5 in Plecoptera to be
discarded. No M5 can be identified in Ephemeroptera,
Odonata, and Mantodea, among others. Numerous anoma-
lies are not dealt with by the M5 pattern paradigm (as in
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fossil Grylloblattodea, Blattodea). On the other hand, the
serial pattern is supported by evidence based on the relative
position of veins (convex or concave), and by the occur-
rence, in some taxa, of identical main vein branching pat-
terns that are serially arranged.

Ultimately, following the M5 paradigm and placing
non-panorthopteran archaeorthopterans as stem-ptery-
gotans is not as parsimonious as following the serial pat-
tern and placing these taxa in Neoptera. The serial pattern
paradigm should be preferred unless CuA is considered
as M5 + CuA in all winged insects. But this proposition
is discarded by the conservative presumption favoured by
Rasnitsyn (2007): under the serial pattern paradigm, it is
unnecessary to advocate the presence of a M5 for establish-
ing wing venation homologies among winged insects.

At this step it is worth quoting Rasnitsyn (2007: 343):
“Béthoux also does not attach significance to the fact that
the CuA in common usage is usually a richly branch-
ing vein, while CuP is in most cases simple or has few
branches, whereas, in the pattern proposed by him, con-
versely, only CuP is multibranching” (my emphasis). Here
maybe relies the evidence of an important methodologi-
cal difference: Rasnitsyn elaborates homology, character
state polarization, and phylogeny hypotheses in a single
process. | attempt to make a distinction between these sets
of hypotheses because it allows more or less independent
tests of them. Under my opinion the performance of the
latter approach is higher.

Lastly, Rasnitsyn (2007: 343) considers that “debate in
general is not the most worthwhile occupation for think-
ing men”. On the opposite | consider that it is an essential
occupation without which we would still believe that the
Sun revolves around the Earth.
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