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List of characters used in the c1adistic analysis of ZYGOPHLEBIIDA
1. AA.

- not reduced to a oblique crossvein between posterior margin and branching of Cu + AA into CuA
and CuP (0)

- reduced to a oblique crossvein between posterior margin and branching of Cu + AA into CuA and
CuP (I)

2. RP2.
- branched on RP (0)
- apparently branched on IR2 rather than on RP] (1)

3.IRl.
- branched on RP (0)
- apparently branched on RP2 rather than on RP] (I)

4. RP4, MA and MP.
- not strongly approximate near posterior wing margin (0)
- strongly approximate near posterior wing margin (I)

5. CuA.
- with posterior branches (0)
- without posterior branch (1)

6. CuA and CuP.
- not closely parallel and with more than one row of cells between them (0)
- closely parallel and with one row of cells between them (I)

7. Basal part of RP2.
- not looking like a bridge between IR2 and IRI (0)
- looking like a bridge between IR2 and IR] (I)

8. CuP +AA.
- is not making a strong zigzag between the point of separation of CuA from CuA + CuP +

AA and the point of separation between CuP and AA (0)
- is making a strong zigzag between the point of separation of CuA from CuA + CuP + AA and the

point of separation between CuP and AA (I)
9. Area between RP3 and RP4.

- not very broad (0)
- very broad, with more than 15 rows of cells along posterior wing margin (I)

10. A long and straight concave vein 'Mspl' closely parallel to CuA.
- absent (0)
- present, the three veins 'Mspl' being arranged in a converging triplet (I)

11. CuA and CuP.
- reaching the posterior wing margin (0)
- apparently not reaching the posterior wing margin (I)

12. The fork of RP3/4 is.
- symmetric (0)
- asymmetric, RP3 being secondarily branched on RP4 (I)

13. CuA.
- is zigzagged (0)
- straight ( I)

14. RP3.
- with strong secondary branches (0)
- no strong secondary branches (I)

15. RP4.
- with strong secondary branches (0)
- no strong secondary branches (I)

16. Subnodal veinlet.
- not very obliquely directed towards the apex of the wing (0)
- very obliquely directed towards the apex of the wing (I)

17. CuA + CuP + AA.
- not fused to MP (0)
- fused to MP, but separating basal of the base of arculus (I)
- fused to MP, separating distal of the arculus (2)

Triadophlebiida (Triadophlebia and Mitophlebia) as outgroups. The characters were conside­
red as unordered, but the results are the same if the two characters having three states (' 16' and
'17') are considered as ordered. The results concerning the ingroup are identical if the analyses
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are perfonned with one, two or three outgroups. The analysis was perfonned using the com­
puter software packages Paup 3. I. I. and MacClade 3.07. The 'branch and bound' analysis yiel­
ded 9 most parsimonious trees of equal length (17 steps), with a consistency index Cl 0.88, a
consistency index excluding uninformative characters Cl 0.85, and a retention index RI 0.91.
The strict consensus tree is given in figure 19. The ingroup Zygophlebiida is monophyletic,
with a subclade [Xamenophlebia + Permophlebia]. A calculation of the BREMER'S 'decay'
indices (1994) shows:

(I) the search for trees with 18 steps or less only yields the nine equally parsimonious
trees;

(2) the search for trees with 19 steps or less preserves the clade Zygophlebiida but not
the subclade Xamenophlebioidea;

(3) the search for trees with 20 steps or less results in a totally unresolved consensus
tree.

Table 1. - Table of character states for the present c1adistic analysis of Zygophlebiida.

2 3 4 5 6 7 8 9 10 I1 12 13 14 15 16 17

Xamenophlebia ? I I 1 I I I ? I I I I I I I ? ?
Permophlebia ? 1 1 I 1 I 0 ? I I 1 I I I 1 I I
Zygophlebia I 1 I I I I I I 0 0 0 0 I I I I I
Zygophlebiella 1 I 1 I I I I I 0 0 0 0 1 1 1 I I
Mixophlebia I I I I 1 1 I I 0 0 0 0 I I I 1 I
Cyrtophlebia ? I 1 1 ? ? I ? 0 ? ? 0 ? I 1 ? ?
Mitophlebia 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1 2 2
Triadophlebia 0 0 0 0 1 0 0 0 0 0 0 0 0 I 0 2 2
Triadotypus 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0

The c1ade Xamenophlebioidea is supported by the state changes 0 > I for characters '9' ,
, 10', '11', and '12'. The c1ade Zygophlebiida is supported by the state changes 0 > 1 for cha­
racters '2', '3', and '4'. There is no known character supporting the family Zygophlebiidae,
which does not appear as a monophyletic clade.

Clade ISOPHLEBIIDA Bechly, 1996

Family LIADOTYPIDAE Grauvogel & Laurentiaux, 1952 (non MARTYNOV, 1937)
(in ISOPHLEBIIDA, sit. nov., family incertae sedis)

Type genus. - Liadotypus Martynov, 1937

Remarks. - MARTYNOV (1937) included Liadotypus relictus in the Meganeuridae.
GRAUVOGEL & LAURENTlAUX (1952) discussed briefly on this taxon and considered that it
belongs to a different family Liadotypidae that they erroneously attributed to MARTYNOV
(1937), even though they were the first authors to cite this family.

Wing venational autapomorphies. - Unknown. This family name should not have been erected
at all, because of the very fragmentary state of preservation of the type.

Genus LIADOTYPUS Martynov, 1937

Type species. - Liadotypus relictus Martynov, 1937.

Liadotypus relictus Martynov, 1937 (figs. 16-17)

Liadotypus relictus Martynov, 1937, : 110-111, fig. 64 (original description); GRAUVOGEL & LAURENTIAUX, 1952 :
(refigured, position discussed); LAURENTIAUX, 1958 : 44 (position discussed); ZESSIN, 1983 : 59 (list).
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Material. - Holotype specimen PIN 3621/23a, b, Moscow.

Geological age. - LiassiclMiddle Jurassic.

Type locality. - Shurab, Ferghana, Russia.

Redescription. - There are numerous errors in the original description of MARTYNOV (1937), due
to the poor and fragmentary state of preservation of the holotype.

Fig. 16, Liadotypus relictus Martynov, 1937. Wing of the ho1otype PIN 3621123a,b.

It is the print and counter print of a forewing. Since there is no trace of coloration, the wing pro­
bably was hyaline; wing base missing and apex partly destroyed; length of preserved part about 85 mm;
width of wing unknown; fragments of a sclerotized narrow and probably rather long pterostigma visible;
true nodus clearly preserved, with fusion between SeP and Costa, and aligned nodal and subnodal oblique
veinlets; only distal part of antenodal area preserved, with several antenodal crossveins of second row
between SeP and RA; postnodal area relatively well preserved, with about 1I postnodal crossveins not
aligned with postsubnodals; area between MP and posterior wing margin very well developed, with
numerous secondary veins below MP; mid part of postdiscoidal area between MP and MA preserved with
two rows of cells between these vein basally, and a distinct distal narrowing of this area; numerous small
cells and secondary veins in radial area; CuA weak and short, with only one row of cells in cubito-anal
area.

Discussion. - Liadotypus was previously included in the meganisopteran grade (ZESSIN,

1983). It has to be excluded from it because of the presence of a sclerotized pterostigma and
of a true nodus. Furthermore, its very long wing, the hypertrophied area between MP and the
posterior wing margin, the reduced cubito-anal area and the distal narrowing of the postdis­
coidal area represent autapomorphies of the Isophlebiida [= Archithemistidae +
Campterophlebiidae + Isophlebiidae] within the clade Epiproctophora Bechly, 1996 [= 'aniso­
zygopteres' + Anisoptera]. Thus, Liadotypus has to be excluded from the Meganeuridae and
the Meganeuromorpha and is here transferred to Isophlebiida. The presence of antesubnodal
crossveins between SeP and RA and the absence of antenodal crossveins between SeP and C
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suggest that closer affinities with the Isophlebiidae are unlikely. Likewise, the long pterostig­
ma and long wing with numerous cells suggest that closer affinities with the Archithemistidae
are unlikely either. The poor and fragmentary state of preservation of the type does not allow
a more precise estimation of its phylogenetic position and affinities.

Fig. 17, Liadotypus relictus Martynov, 1937. Photograph of the holotype PIN 3621123a,b.
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Fig. 18, Strict consensus cladogram of the 9 equally minimal parsimonious trees.

CONCLUSIONS

GRAUVOGEL & LAURENTIAUX (1952) considered Liadotypus as the most recent
Meganeuromorpha. Because of our attribution of Liadotypus to the [Epiproctophora ­
Isophlebiida] and the attribution of Triadotypus to the Nodialata, the Meganeuromorpha now
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appear to be exclusively restricted to the Carboniferous and Permian, as suggested by BECHLY
(1997,1998). The presence of Permophlebia as a genuine representative of Discoidalia in the
Early Upper Permian of Russia shows that this group, which was previously only known aftei
the Middle Triassic, is much more ancient, and was present before the Permo-Triassic boun­
dary. This finding is supported by the discovery of a representative of the sister group of
Nodialata (viz Lapeyria magnifica Nel, Gand & Garric, 1999) and of a true Stigmoptera (viz
Saxonagrion minutus Nel et aI., 1999) in the Upper Permian of Lodeve (France) (NEL et aI.,
1999a, b). Furthermore, a member of Discoidalia has recently been discovered in the
Westphalian of England (JARZEMBOWSKJ & NEL, in prep.), and BECHLY (1998: 424, text-fig.
132) even figures an undescribed new genus and species of Protozygoptera from the Virgillian
of Carrizo Arroyo in New Mexico (specimen No. 1/19981 in coIl. Jarmila Kukalova-Peck,
Ottawa). All these new discoveries strongly suggest that the Odonatoptera were not affected by
a major crisis at the Permo-Triassic boundary, as already noted by NEL et al. (l999b).
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