








Abb. 104.) Chlorolestes tesselata (Zygoptera, Synlestidae): rechter Hinterfliigel (minnl),
Pterostigma mit Sternstruktur, dorsal, bei 100* VergroBerung (REM).

Abb. 105.) Archilestes grandis (Zygoptera, Lestidae): rechter Vorderfliigel (minnl. ), Pterostigma
mit obliterierter Sternstruktur, dorsal, bei 100% VergroBerung (REM).
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Abb. 106.) Euphaea guerini (Zygoptera, Euphaeidae): rechter Vorderfliigel (miinnl. ), Pterostigma
mit Pyramidenstruktur, dorsal, bei 100% Vergroferung (REM).

Abb. 107.) Euphaea guerini (Zygoptera, Euphaeidae): rechter Vorderfliigel (minnl. ), Pterostigma
mit Pyramidenstruktur, dorsal, bei 1.500% VergroBerung (REM).
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Abb. 108.) Rhinocypha (Aristocypha) fenestrella(Zygoptera, Chlorocyphidae): linker Vorderfligel
(minnl. ), Pterostigma mit Pyramidenstruktur, dorsal, bei 100 % VergroBerung (REM).

20EHM

Abb. 109.) Rhinocypha (Aristocypha) fenestrella(Zygoptera, Chlorocyphidae): linker Vorderfliigel
(minnl. ), Pterostigma mit Pyramidenstruktur, dorsal, bei 1.500 % Vergroferung (REM).

338



linker Vorderfliigel (minnl. ),

stictidae)

Platy

enstruktur, dorsal, b

e

Abb. 110.) Palaemnema clementina (Zygoptera

o6Berung (REM).

100* Vergr

el

mit Pyramid

Pterostigma

linker Vorderfliigel (minnl.),

500 % Vergroferung (REM).

Platystictidae):

?

struktur, dorsal

Abb. 111.) Palaemnema clementina (Zygoptera

beil

)

amiden

mit Pyr

stigma

Ptero

339
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9. ABSTRACT

Different structures of the dragonfly wing, especially of the wing venation, are described and their
phylogenetic and functional-adaptive meaning is discussed. It is emphazised that wing veins are
complex three-dimensional organs, which show a variety of specialisations in their surface
structure, such as flexible joints, sutures, membranous areas, microsculptures, spines and true hairs.
Different kinds of braces, that are important for flightmechanical reasons, are comparatively
described for many taxa. The distribution of spines (especially at veinaljoints) and hairsis analyzed,
a distinct correlation with the corrugation of the respective wing veins is demonstrated and two
different types of macrotrichs are discovered. Within the dragonflies with petiolated wings, three
types of petiolation are described, that differ significantly in their veinal fusions.

Criteria that have been proposed for the homologisation of wing veins are discussed, the
pretracheation-theoryis dismissed in favour ofthe predetermination-theory. Several morphological
criteria that have been proposed for the distinction of crossveins and longitudinal veins, especially
the presence or absence of macrotrichs, is shown to be unreliable. A critical comparison of the
conflicting hypothesises concerning the interpretation of dragonfly wing-venation and the refermg
terminologies clearly shows that the system of RIEK & KUKALOVA-PECK (1984) has the highest
explanatory power and needs only minor modifications. Still unpublished changes in their former
interpretation of the basal wing-venation of the "Eugeropteridae" + (KUKALOVA-PECK, pers.
comm. 1994) could not be supported with this study.

The hypothesis that the costal margin is formed by the fusion of three longitudinal vems (basaly
CA&CP&ScA'; distally CA&ScA'&ScP)is confirmed, but the existence of a Precosta (KUKALOVA-
PECK, 1983) is considered doubtful, because of lack of conclusive empiric evidence. The same
holds for the interpretation of the RP3&4 (here: RP") as fusion of two primary RP-branches. The
apparent prolongation of the ScP through the nodus is considered to be a secondary formation by
postnodal crossveins in all refering fossil and extant odonates, except the Sieblosiidae +. The
discovery of non-aligned antenodal crossveins in the forewing of the neotropical libellulid
Zenithoptera makes the identification of the two primary antenodal brackets (ax1 and ax2) for the
first time possible within the Libellulidae. The apparent Rspl - in cordulegastrids is recognized as
a secondary bifurcation of the IR2 +. The problem ifthe distal side ofthe discoidal cell or the trigonal
cell is representing a primary branch of the MA or only a secondarily reinforced crossvein could
not been solved, while the costal side of the trigonal cell clearly is formed by a secondary veinlet.

A new mterpretation of the complex evolution of the cubito-anal wing-venation, especially the
CuA, is presented. The secondarily convex corrugation of the AP (anal margin) is explained with
a fusion of the concave AP and the convex AA". The apparent bifurcation of the anal vem
(CuP&AA') m the forewing of the Libelluloidea and Petaluridae and both wingpairs of the
Aeschnidiidae t is caused by the formation of a secondary branch out of a cubito-anal-crossvein.
The jugal veins are interpreted to be secondarily absent or fused withn the hind margin in all
*QOdonata. The membranule of the Anisoptera is interpreted as secondarily outgrowth of the
articular membrane, not as vestigal jugal field (RIEK & KUKALOVA-PECK, 1984). A possible
homolog of the membranule is demonstrated to be present in some broadwinged Zygoptera. The
double pleural joint of the wing articulation is interpreted as an autapomorphy of the Odonata
(contra PFAU, 1991). In the stemline of the Odonata this structure most probably has not been
formed by a secondary bifurcation of a single joint, but by the fusion of two pleural ridges
(autapomorphy of the Odonatoptera), which each support a separate pleural joint. A new
mterpretation of the wing-venation of the extant Platystictidae and the fossil Protanisoptera t,
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Triadophlebiomorpha t and "Protozygoptera" , as well as several other fossil taxa, is presented. On
the basis of the wing-venational peculiarities of the Aeschnidiidae t a plausible explanation for the
extimction of this mesozoic taxon is proposed.

A homology-based terminology of dragonly wing-venation is introduced as essential base for
future phylogenetic analysises, as well as several definitorial improvements and amendations to the
general terminology of imsect wings.

The wing-venation in the groundplan of the *Odonata is reconstructed with the methods of
Phylogenetic Systematics. This groundplan includesthe presence ofnumerous antenodal crossveins,
a median position of the node and a non-petiolated wing with a basaly open discoidal cell Fraser's
argumentation with the "anal crossing” and the "primary antenodals” in favour of a zygopteroid
ancestor of all extant odonates is refuted and replaced by the hypothesis of an anisozygopteroid
ancestor. Graphical szenarios of the evolution of the wing-venation within the Odonatoptera and
their subordinated groups, especially the Triadophlebiomorpha t and Anisoptera, are presented.

Since the monophyly of the Odonata and the Anisoptera is beyond doubt and the paraphyly of
the "Anisozygoptera” could be demonstrated as well as their phylogenetic relationship with the
Anisoptera, the phylogenetic position of the Zygoptera remains the biggest enigma of dragonfly
phylogeny (PFAU, 1991). Furthermore the question, if the Zygoptera are representing the
monophyletic sistergroup of "Anisozygoptera” & Anisoptera or a paraphyletic grade towards the
other extant Odonata, is quite important for the reconstruction of the wing-venation in the
groundplan of *Odonata. Concerning this question all formerly proposed arguments in favour of
a paraphyly could be refuted within this study. This holds especially for Fraser's argument of an
alleged basad-shifting of the first RP-bifurcation (midfork) and the origin of the IR2. Furthermore
new hints (19 potential synapomorphies !) are presented in favour of a monophyletic taxon
Zygoptera, such as: the presence of microsculptures on the pterostigma; the shape and distribution
of spines at flexible veinal junctions; the reduction of long dorsal spines on the RP and MP; the
presence of short, bristel-like macrotrichs on the ventral side of the ScP and some other concave
veins and the dorsal side of several convex veins; the lateral compression of most crossveins; the
formation of a distinct discoidal bracket; the obliteration of the posterior part of the basal bracket
n the ventral wing-membrane, and the (at least partly) obliteration of the nodal CP-kink.

Independantly from the special issue of dragonfly wing-venation the different hypothesises
concerning the evolution of insect wings are compared and a new szenario is proposed, which
mmplies a synthesis of the opposing paranotal- and pleural-theory. Furthermore some theoretical

aspects ofhomology research, functional morphology and evolutionary biology are discussed from
the cladistic point of view.
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