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Fig. 14. Neoptera: the groundplan reference scheme includes the least fused and reduced character states of the sclerites, muscular
attachments and veinal sector, found in all lineages after a broad search. The wings can be flexed backward and locked so that the
narrower tegminous forewings protect the broader, thinner and foldable hind wings, which are the main flying pair. Frequently oc-
curring braces and fusions (a parallelism) are dotted. The arrangement of sclerites in rows, precosto-costal, medial, cubital, anal and
jugal, is undisturbed. However, in the first and second axillary, 1Ax and 2Ax, there are derived connections between the subcostal,
radial and medial proxalaria, axalaria and fulcalaria, which form two narrow parallel oblique arms. When the third axillary (3Ax)
folds, rotates, and collapses along articular planes between its five sclerites, these oblique arms wrap around the vortex. All row-
sclerites, some muscles, and all veinal sectors are shared with Palacoptera, but not a single composite sclerite, veinal stem, or brace
is shared at the division groundplan level. — After KukaLovA-PEck in Haas & KukaLova-Peck (2001, fig. 2), updated.

usually stay attached to the same row-sclerites even after
they become part of differently composed clusters. Ex-
ample: In Neoptera, the wing flexing muscle is attached to
the cubital axalare AX-Cu (the goblet) which is part of
3Ax. In Odonata, it is attached to AX-Cu or F-Cu, while
this part of cubital row is fused into the composite poste-
rior plate (TANNERT 1958; Bropsky 1994; KukaLovA-PEck
1983, 1998). In Ephemerida, the cubital row is still re-
tained separate, and AX-Cu and F-Cu with muscular at-
tachments are articulated to each other (a plesiomorphy)
(Bropsky 1994; WiLLkomMMmEN 2008). Thus, homologous
wing musculature does deliver phylogenetically important
facts, but it can be correctly interpreted only within a
broader evolutionary context! Without it, the phylogenetic
significance of muscle insertions in the organ system is
uncertain, and reliable supporting information is tossed

around without much impact. Again, comparative mor-
phology alone is quite helpless to resolve problems in
modern higher taxa with deep Paleozoic roots.

3.9. Anterior articular plate

In the ancestral Hydropalaeoptera, this plate shared by
mayflies and dragonflies (Figs. 5, 6, 12, 13, 15) had prob-
ably only three fusions: precostal axalare to precostal ful-
calare (AX-PC + F-PC); costal axalare to costal fulcalare
(AX-C + F-C), and precostal fulcalare and costal fulcalare
(F-PC + F-C) fused together by their distal ends. The un-
usual feature of this plate is a large, bilobed costal fulcal-
are (F-C). In the Permian {Protereismatida (Fig. 11), these
lobes are far apart, but in Odonatoptera they are close to-
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anterior plate

Fig. 15. Ephemeroptera: fProtereismatida: Protereisma sp.,
forewing, young subimago. Early Permian (Kungurian), Elmo,
Kansas. The anterior plate articulated to basivenale, serrated
precosta (PC) fused to costal sector CA+ and the costal sector
CP-. The costal axalare AX-C with a projecting “nose”, two
large lobes in fulcalare F-C, and a large basivenale B-C broadly
articulated with F-C are closely reminiscent of the anterior plates
in early dragonflies (Figs. 5, 6, 13). — After KukaLovA-PEck
(1998, fig. 19.7c), interpretation updated. Length of section
2 mm.

gether and separated by a deep, probably flexible furrow,
while the larger distal lobe is placed antero-proximally
with regard to the smaller proximal lobe (Figs. 6B, 13). In
modern Odonata, the groove between lobes became a
shallow and barely noticeable depression (KukaLova-PEck
1983, fig. 16 B; 1998, fig. 19.7c). In modern Ephemerida
the ancestral anterior plate is more strongly sclerotized
than the surrounding sclerites and V-shaped (Fig. 12), so
that it is superficially dissimilar from the rounded plate of
Odonata. The homologous composition was discovered
only in 1998 by this author. It offers a complex synapo-
morphy of Hydropalaeoptera, unique under Pterygota
(KukaLovA-PEck et al. in press 2009).

3.10. Posterior articular plate

In the ancestral Hydropalaeoptera, the posterior plate
almost certainly included fusions in the same row, be-
tween the subcostal, radial, medial, cubital, anojugal ful-
calaria (on the thorax side) and basivenalia (on the wing
side). These fusions elongated and stiffened the wing base,
so that it rested and rocked on pleural pivots. It also prob-
ably included fusions between the central rows, subcostal
+ radial + medial, which are fused in all so far known
Hydropalaeoptera (Figs. 5, 6, 11-13). Note that in Ephe-
merida (Fig. 12), the cubital and the anojugal row are not
part of this posterior plate since they are still separated
from each other by membranous gaps. In the extinct sister
order fProtereismatida (Fig. 11) these gaps are closed and
their presence is uncertain. In dragonflies the posterior
plate is larger than in mayflies and much more compact.
All rows including cubital and anal row are firmly fused
together, and the column of axalaria (AX) is added to the
plate (Figs. 6A, 13). As shown in fossils, rows inside the

plate were originally marked with sutures (Figs. 5, 6B,
11-13). In modern Odonata only remnants of the original
symmetry can be seen. These include the incision between
the subcostal and radial row, the groove between the an-
cestral plate and the axalar column, and the cubital row
(F-Cu + B-Cu) strongly slanted posteriorly as in modern
Ephemerida.

3.11. Paleoptery is a derived adaptation

In the rostrum-bearing Palaeoptera: Palaedictyoptero-
dea: tDiaphanopterida, the fusions between rows of scler-
ites were minimal and occurred only between four precos-
tal + costal sclerites (PR, AX, F, B). Therefore, they could
move their wings in all directions and flex them backward
and over the abdomen. The other orders of the same ros-
trum-bearing lineage, Palacodictyoptera, Megasecoptera,
and Permothemistida could not flex their wings backward,
because they developed fusions between basivenalia and
fulcalaria in the subcostal-to-jugal row. This shows that
paleoptery is a secondary state, not a primary condition.

The posterior articular plate is an energy-saving de-
vice, which keeps the wings permanently in the extended
position. In Neoptera, wings have to be kept extended dur-
ing flight by the basalar muscle, which costs extra energy.
The sizes and the flexion lines and grooves inside pa-
leopterous posterior plates differ at the ordinal level, and
their function during flight is poorly known. Example:
fPalaeodictyopterida seem to have the posterior plate too
large to be able to manoever the wings in flight, which
obviously does not make much sense (see a good photo-
graph of this ancient plate by KukaLovA-PEck & RICHARD-
soN 1983, figs. 1, 3, 4, 6). While all early Palacoptera
(predatory or imbibing open fructifications) show a strong
evolutionary trend toward flight improvement, the main
survival strategy in early Neoptera (feeding on hard plant
matter) was not to fly away from predators but to hide, as
quickly as possible. They were slow fliers (see KukaLova-
Peck 1991 for figures) and they escaped predation by
keeping their thinner and broader hind wings under the
protection of narrower and thicker tegmina firmly locked
above them, and by hiding in narrow spaces. Probably,
they reflexively fell down from their perch like modern
beetles, or they hopped away and into dense vegetation,
like grasshoppers. Neopterous flight blossomed only in
the Mesozoic, with membranized forewings and hind
wings reduced and/or hooked to them in tandem (as in
Hymenoptera and Diptera). Evolutionary morphological
differences between Palacoptera and Neoptera are pre-
cipitous and start right from the protowing. It can be said
with confidence that the sister relationship of either Odo-
natoptera or Ephemeroptera with Neoptera is not morpho-
logically possible.
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3.12. Nymphal winglets in diverse resting positions

Allknown aquatic nymphs of Paleozoic Ephemeroptera
have thoracic winglets movably articulated with the poste-
rior plates. These were held laterally extended like in
adults, but were strongly curved backward for easier for-
ward movement (CARPENTER & RicHARDsON 1968, 1971).
The curve straightened gradually in each instar, and it
took several subimagos to fully straighten the wings (Ku-
KALOVA-PECK 1978, 1991, 1998; SHEAR & KukaLOVA-PECK
1990). Two detached winglets of juvenile Odonatoptera
described here (Figs. 6, 8) are also curved, but they are
almost straight in the young Dragonympha n. gen. (Figs.
1, 2). In this, they are lifted up and oriented obliquely
backward, so that they are streamlined with the body. This
adaptation obviously facilitated forward movement, per-
haps up and through vegetation along shorelines. Fully
aquatic nymphs typically have their wings laying flat on
the back, an adaptation enabling crawling through mud-
covered debris on the river bottom. How to interpret these
differences?

The adaptation to lift up the wings is relatively simple
since the posterior plate is inserted by limb muscles (Brob-
sKY 1994; WILLKOMMEN & HORNSCHEMEYER 2007; WILLKOM-
MEN 2008). It is also wide open to parallelism. In adult
Paleozoic fProtereismatida and many modern Ephemeri-
da, wings uplifted at rest protrude high above body and
the wind sways them like sails. Adult damselflies also lift
up their narrow wings at rest, but hold them at an oblique
angle streamlined with the body with the help from dor-
sally extended anepisterna. In Dragonympha n. gen., the
winglets are also streamlined with the body, but the differ-
ence is that the anepisternum is not yet extended dorsally
(Figs. 1, 2). In the mayfly sister orders, the uplifted wing
position may be a synapomorphy. In the dragonfly orders,
it more probably evolved independently and in parallel.
More information is needed. Note that Paleozoic Palae-
optera and Neoptera had several subimagos (KukaLovA-
Peck 1978, 1983, 1991, 2008). No fossil record of dragon-
fly subimagos exists but in the modern Odonata, subima-
ginal instars are replaced by the teneral state. This may
show posteriorly curved wings similar to those described
in the subimagos of fMegasecoptera (SHEAR & KUKALOVA-
PEck 1999) (personal observation on the shore of the Lake
Huron). Thus, the presence of subimagos is a plesiomor-
phy, and not an autapomorphy separating Ephemeroptera
from the rest of Pterygota, as repeatedly misinterpreted in
comparative morphological datasets! For the rich fossil
record on multiple subimagos in Palaecodictyoptera, Me-
gasecoptera and Ephemeroptera and the parallel origin of
the metamorphic instar in modern pterygotes see Kuka-
LovA-PEck (1974, 1978, 1983, 1985, 1991, 2008; SHEAR &
KukarovA-Peck 1999).

3.13. Evolution of the veinal system in Odonatoptera and
Ephemeroptera

Wing articulation and veinal systems identify all ptery-
gote higher taxa and their sistergroups (Haas & Kuka-
Lova-Peck 2001; KukaLova-Peck & LawreNce 2004; Ku-
KALOVA-PECK 1991, 2008; this paper). Venational charac-
ters are fully homologized and evaluated with respect to
the protowing. The groundplan level character states, in-
cluding reliable synapomorphies, are the character states
least fused and reduced with respect to protowing, found
in a significant sample of each higher taxon. Fossils offer
invaluable help in homologization and in the search for
groundplans, especially in the oldest modern lineages, in
which these states are most difficult to recognize. In the
oldest taxa Odonatoptera, Ephemeroptera and Neoptera,
the probable time distance from their divergence in the
Silurian or even Ordovician (some 400 m. y.) is too long to
preserve synapomorphies in their original clear-cut shape.
Instead, they are overwhelmed by convergencies and par-
allelisms from which they are visually inseparable, and
cannot be recognized.

In the analysis above, the intention was to show, by
concrete examples, how much the synapomorphic charac-
ter states have become obscured in modern fauna. The
wing base of the Carboniferous order TGeroptera (the side
line closest to protowing) is compared with the wing base
of Carboniferous Odonatoclada: fEoanisoptera (the basal
order in the taxon which includes modern Odonata), and
these two plesiomorphic dragonfly groups are compared
with their counterparts in mayflies. The wing base of Car-
boniferous fSyntonopterida (KukarLova-Peck 1985) and
Permian fProtercismatida (both close to protowing) is
compared with the wing base of modern Ephemerida (rep-
resented by the plesiomorphic living species).

4. Conclusion

Late Paleozoic dragonflies and mayflies may be more
then 100 m.y. distant from their probable time of lineage
divergence in the early Paleozoic, while for modern Odo-
nata and Ephemerida, this distance is believed to be some
400 m.y. or more. Thus, fossils are much closer to lineage-
level groundplans and, quite naturally, offer many more
evolutionary clues to relationships than living species.
Compared to this, e.g. modern Lepidoptera are much
youger, and diverged only about 170 m.y. ago. Therefore,
their modern basal species offer many more evolutionary
clues than those of the much older orders and lineages.
This shows that all modern higher taxa do not start at the
same time in an analylsis of their characters. This impor-
tant aspect is often underestimated or forgotten.
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As an example, when the foremost lepidopterist — com-
parative morphologist N. KRIsTENSEN (1975, 1981, 1991)
compared the modern species of Odonata with those of
Ephemerida and Neoptera (separated for about 400 m. y.),
he obtained five similarities in the limb-derived shearing
mandible, which Odonata “shared” with Neoptera. These
appeared to offer much more convincing synapomorphies
than the single, fused lacinio-galea in the maxilla, shared
by Odonata and Ephemerida. But, the history of the evolu-
tion of this organ is the catch, and the documentation pro-
vided by fossils, paints a different picture.

In Insecta, the permanent anterior condyle (formed by
changing the sliding mandibular groove into a tight sock-
et), strong muscles (for opening sideways) and necessary
adjustments regarding the hypopharynx (dictated by in-
creased width of the mandible) is a relatively late albeit
important adaptation occurring only in the plant chewing
Neoptera, and in the predaceous Odonatoptera. In con-
trast, maxilla includes two independent CX and TR en-
dites which are serially homonomous and used by arthro-
pods including insects mainly for eating and copulating.
Therefore, they occur originally in all limbs and are part
of the Arthropoda groundplan, believed to be of Protero-
zoic origin. The fusion of maxillary endites took place
much later at the Paleoptera level, is unique, and it occurs
both in fPalacodictyopterodea with sucking and Hydropa-
laeoptera with chewing mouthparts. These attributes make
the fusion of maxillary endites a very strong synapomor-
phy shared by the division Palacoptera (a unique apomor-
phy), and absent in the division Neoptera (a plesiomorphy).
This pattern of age and occurrence shows quite clearly
that the shearing mandible originated twice (and indepen-
dently), first in Neoptera and then again in Odonatoptera
(a convergence). Very broad approach to diversification of
the wing organ system using arthropod anatomy, and all
relevant data from other biological fields and paleontology
provided so far 65 differences between Palacoptera and
Neoptera, which can be readily observed and verified in
modern fauna (Haas & Kukarova-Peck 2001).

Limb organ system in Arthropoda and wing organ
system in Pterygota appear to be the natural first choice in
defendable phylogenetic analysis of the higher taxa. In the
protowing organ system basal for Pterygota, all differ-
ences between the divisions Palacoptera and Neoptera are
autapomorphic. Therefore, these two veinal systems can
be derived only from the common ancestral protowing.
The only morphologically possible split of Pterygota is
into divisions Palacoptera + Neoptera. The other two er-
roneous but repeatedly proposed schemes, Pterygota =
Ephemeroptera + (Odonatoptera + Neoptera) and Ptery-
gota = Odonatoptera + (Ephemeroptera + Neoptera) are
morphologically quite impossible and were reached either
by using non-homologous character states, or states which
were not at the groundplan level of these higher taxa (Hen-

nigian systematic principles were violated). These schemes
should be abandoned.
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