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Summary

The dragonfly genus Urogomphus from the Upper Jurassic of Germany is revised and its po-
sition in Aeschnidiidae is confirmed. Urogomphus giganteus and U. eximius are redescribed,
and a lectotype for U. eximius is designated. Lithoaeschnidium viohli is considered as a syno-
nym of U. eximius. A new species Urogomphus nusplingensis n. sp. is described from the Upper
Jurassic Lithographic Limestone of Nusplingen, while the 20 other known specimens of this
genus have been found in the Solnhofen Lithographic Limestone. Urogomphus abscissus is con-
sidered as conspecific with Bergeriaeschnidia inexpectata, and the holotype of the latter species
is designated as neotype of U. abscissus, so that its valid name is now Bergeriaeschnidia afscissa
comb. nov. The phylogenetic position of Urogomphus and Aeschnidiifae is discussed, a new
taxon Neoanisoptera is introd}zlced, and an explanation for the extinction of Aeschnidiidae is
proposed.

Zusammenfassung

Die Libellengattung Urogomphus aus dem Oberjura Deutschlands wird revidiert und de-
ren Zugehorigkeit zu den Aeschnidiidae bestitigt. Urogomphus giganteus und U. eximins
werden wiederbeschrieben und ein Lectotypus fir U. eximius festgelegt. Lithoaeschnidium
viohli wird als Synonym von U. eximius angesehen. Eine neue Art, Urogomphus nusplingen-
sis n. sp., wird aus den oberjurassischen Nusplinger Plattenkalken beschrieben, wihrend
die 20 tibrigen bekannten Exemplare dieser Gattung in den Solnhofener Plattenkalken gefun-
den wurden. Urogomphus abscissus wird als artgleich mit Bergeriaeschnidia inexpectata ange-
sehen, und der Holotypus dieser Art wird als Neotypus von U. abscissus festgelegt, so dafl der
gliltige Name nun Bergeriaeschnidia abscissa comb. nov. ist. Die phylogenetische Stellung von
Urogomphus und der Aeschnidiidae wird diskutiert, ein neues Taxon Neoanisoptera wird ein-
gefﬁirt, und eine Erklirung zum Aussterben der Aeschnidiidae wird vorgeschlagen.

1. Introduction

The specimens of the genus Urogomphus belong to the most famous and largest
(besides Isophlebia and Aeschnogomphus) fossil dragonflies from the Solnhofen
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Limestone. Since they are relatively rare (only 20 specimens are known to me), and
are generally poorly preserved, they also belonged to the least known dragonflies
from this locality.

In their large revision of Aeschnidiidae, NEL & MarTINEZ-DELCLOS (1993) re-
marked that next to nothing is known about the three species of the genus Urogom-
phus, including the type species U. giganteus, and that this genus therefore has to be
regarded as a nomen dubium within Aeschnidiidae incertae sedis. The authors there-
fore suggested that the genus Urogomphus should not be used for the description of
further new species.

With the present revision, Urogomphus may now be regarded as one of the best
known genera of Aeschnidiidae. The new species described from Nusplingen Lime-
stone is based on the first specimen of this genus that was not found in Solnhofen
Limestone, and represents the oldest known member of Aeschnidiidae.

2. Material and methods

The results of this revision are based on my examination of 17 specimens of the
genus Urogomphus in the collections of SMNS (Staatliches Museum fiir Natur-
kunde, Stuttgart, incl. coll. Lupwic), GPIT (Institut und Museum fiir Geologie und
Palidontologie, Univ. Tibingen), Jura-Museum (Eichstitt), BSPGM (Bayerische
Staatssammlung fiir Paliontologie und historische Geologie, Munich), SMF (Natur-
museum Senckenberg, Frankfurt a.M.), MNHB (Museum fiir Naturkunde, Berlin),
MCZ (Museum of Comparative Zoology, Cambridge/Mass.), and private coll.
KumpeL (Wuppertal), as well as on the published descriptions and figures, and an
unpublished photo of FrickHINGER (Emmering). I also studied 2 specimens of the
genus Bergeriaeschnidia in the collection of Museum BerGERr (Eichstitt) and coll.
LeicH/Fossilium (Bochum), and a further specimen on the basis of an unpublished
photo of FrRICKHINGER (Emmering).

I could not find any specimens of the genus Urogomphus at “Biirgermeister
Miiller Museum” (Solnhofen), “Maxberg Museum” (Solnhofen), Museum BERGER
(Eichstitt), coll. Leict/Fossilium (Bochum), and in private coll. TisSCHLINGER
(Stammham). According to literature information, there seem to be no specimens at
NHM (Naturhistorisches Museum, Vienna) and Teyler Museum (Haarlem) either.

The holotype of the new species U. nusplingensis n. sp. described in this publica-
tion is deposited in the collection of the Staatl. Museum f. Naturkunde (SMNS) in
Stuttgart. A few of the figured specimens (originals), but no types, are located in the
mentioned private collections.

All drawings were made with camera lucida, and all photos were made with
a 35 mm SLR camera and macro lens. The nomenclature of the dragonfly wing ve-
nation is based on the interpretations of Riex (1976) and Riek & KukarLovA-Peck
(1984), amended by KukarovA-Peck (1991), NEL et al. (1993), NEL & MARTINEZ-
DEercrLos (1993), and BecHLy (1995, 1996). The higher classification is based on the
new phylogenetic system of fossil and extant odonates of BEcHLy (1996, 1997). The
systematic analysis is based on the principles of consequent Phylogenetic Systemat-
ics (sensu HENNIG 1966, 1969) rather than numerical cladism (also called “comput-
er cladistics”) which unfortunately still is mainstream, although it has more in com-
mon with phenetics than with genuine Hennigian methods (for the referring argu-
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ments see WAGELE 1994, Borucki 1996, and BecHLy 1997). The assignment of for-
mal categorial ranks has been omitted as far as possible because they are more or less
arbitrary and superfluous (WiLLmann 1989).

3. Systematic Palaeontology

Class Insecta LinnaEUS, 1758 (= Hexapoda LATREILLE, 1825)
Pterygota BRAUER, 1885
Order Odonata Fasricrus, 1793

Pananisoptera BECHLY, 1996
Family Aeschnidiidae HANDLIRSCH, 1906
(= Sonidae PriTykiNa, 1986; = Nothomacromiidae CARLE, 1995)

Genus Urogomphus HANDLIRSCH, 1906

Type species: Urogomphus giganteus (MUNSTER in GERMAR, 1839), by subsequent de-
signation of CowLEY (1934).

New diagnosis. — This genus shows all autapomorphies of Aeschnidiidae (see
below). It can be distinguished from the other aeschnidiid genera by the following
combination of characters: Anal margin of hindwing straight and parallel to body
axis, and with a sharp rectangular curvature towards the posterior wing margin (aut-
apomorphy); costal margin and posterior wing margin rather straight, so that the
hindwing has the shape of an elongate triangle (autapomorphy); pterostigma well-
defined (plesiomorphy), but short and in a basal position, with an oblique basal side
and a more transverse distal side; pterostigmal brace well-defined (plesiomorphy),
very oblique, and either aligned with the basal side of pterostigma, or slightly dis-
placed distally; discoidal triangles transverse, but not extremely narrow (plesiomor-
phy), and with two “vertical” rows of cells (plesiomorphy); RP and MA not fused at
arculus, but originating from the same place on RA (plesiomorphy; the drawings in
NEL & MARTINEZ-DELCLOS 1993, showing a different character state, are clearly in-
correct); CuAa of hindwing with two or three well-defined distal posterior branch-
es; wing venation dense, but not as dense as in most other aeschnidiid genera (e.g.
Aeschnidium) (plesiomorphy); large size (wing length 68—94 mm).

Like in other Aeschnidiidae, the compound eyes are widely separated and the ab-
domen is relatively short (distinctly shorter than the wings). The female abdomen is
very broad, equilateral, and has a strongly elongated ovipositor. The male abdomen
is more slender, somewhat dilated distally, and the anal appendages seem to be very
short.

Phylogenetic position. — Most authors classified Urogomphus within
Aeschnidiidae (e.g. HANDLIRsCH 1906—1908, CARPENTER 1932, FrRASER 1957, ROH-
DENDORF et al. 1962, HENNIG 1969, MALZ & SCHRODER 1979, NEL & MARTINEZ-
Dercros 1993), but CARPENTER (1992) and BRIDGES (1994) recently regarded this
genus as too poorly known to permit assignment to a family within Anisoptera.
However, according to this revision, there can be no longer any doubt about the
aeschnidiid affinities of this genus, since it shares all important autapomorphies of
Aeschnidiidae (see below).
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Several plesiomorphies (relatively open cross-venation, well-defined pterostigma
with strong and oblique brace vein, and relatively broad and straight discoidal trian-
gles) indicate that Urogomphus is the most basal representative of Aeschnidiidae, as
already suggested by ScHLUTER & HARTUNG (1982). However, the statement by
ScHLUTER & HARTUNG (1982) that the distal side (MADb) of the discoidal triangle is
primitively convex-curved is clearly incorrect, since it is mostly weakly concave-
curved or rather straight, but only very rarely convex-curved in Urogomphus.

Urogomphus is certainly not closely related to the giant aeschnidiid Gigan-
toaeschnidium ibericum (nomen correct. pro G. ibericus NEL & MARTINEZ-
DeLcLos, 1993) from the Lower Cretaceous of Spain, since the latter species shares
derived character states (more dense cross-venation, reduced pterostigmal brace, and
narrower and more oblique discoidal triangle) with some other “higher” Aeschnidii-

dae.

The autapomorphies of Urogomphus, mentioned in the diagnosis, are clearly ab-
sent in Aeschnidium densum. Therefore, the attribution of the latter genus and spe-
cies to the genus Urogomphus by CARPENTER (1932: 108) has to be regarded as un-
warranted. The similarities between Aeschnidium densum and Urogomphus gigan-
teus are all derived groundplan characters (autapomorphies) of Aeschnidiidae, thus
symplesiomorphies for the two mentioned species.

Urogomphus giganteus (MUNSTER in GERMAR, 1839)
Figs 1-14

#1839 Aeschna gigantea MUNST. — MUNSTER in GERMAR, p. 216, pl. 23, fig. 14, non fig. 13,

14a.

1848 Anax giganteus. — HAGEN, p. 10.

1862 Petalura gigantea. — HAGEN, p. 107.

1862 Anax gigantens. — HAGEN, p. 142.

1862 Petalura latialata. - HAGEN, p. 107.

1886 Estemoa gigantea. - DEICHMULLER, p. 35, pl. 3, fig. 1-3.

1890 Aeschnidium giganteum. — KirY, p. 165.

1898 Estemoa gigantea DEICHMULLER. — MEUNIER, pp. 120-121.

1906 Urogomphus gigantens GErRMAR. — HanDLIRSCH, p. 595, pl. 47, fig. 18 (after
DEICHMULLER’s figure).

1932 Urogomphus giganteus (GERMAR). — CARPENTER, pp. 107-109, fig. 4.

1934 Urogomphus HANDLIRSCH, 1906 ... Aeshna gigantea GERMAR (1839). — COWLEY,
p- 253 (subsequent designation as type species of Urogomphus).

1979 Urogomphus giganteus (GERMAR 1839). —- MALZ & SCHRODER, p. 39, fig. 23.

1982 1ngogomphus gigantens HANDLIRSCH, 1908 [sic]. — ScHLUTER & HARTUNG, p. 301,
ig. 3.

1985 Urogomphus giganteus CARPENTER. — FRICKHINGER, p. 260 (below).

1992 “Urogomphus HANDLIRSCH, 1906b, p. 594 [*Aeschna gigantea GERMAR, 1839, p. 216;
SD CowLEY, 1934b, p. 253]”. — CARPENTER, p. 85.

1993 Urogomphus giganteus (GERMAR, 1839). — NEL & MARTINEZ-DELCLOS, pp. 54-56
(placed in Aeschnidiidae incertae sedis stat. nov.).

1994 falaeopblehia synlestoides BRAUER [sensu FRICKHINGER]. — FRICKHINGER, p. 138,
1g. 255.

1994 Urogomphus gigantens (GERMAR) 1839. — FRICKHINGER, p. 138, fig. 263.

1996 Urogomphus gigantens (GERMAR, 1839). — NEL, BecHLYy & MARTINEZ-DELCLOS,
p. 178.

Holotype: Specimen no. AS VII 791 in collection BSPGM, Munich.

Type locality: Eichstitt/Solnhofen, southern Frankonian Alb, Bavaria, Germany.

Type horizon: Upper Jurassic, Malm T 2b (“oberer Weiffjura”), Lower Tithonian, Hy-
bonotum-Zone, Solnhox&n Lithographic Limestone.
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Paratype: No paratype, since GERMAR’s second specimen AS VII 795 (BSPGM) is indeed
a male Aeschnogomphus intermedius (Petalurida) (NEL & MARTINEZ-DELCLOS 1993).

Further material: Specimen no. 1951.21 at Jura-Museum, Eichstitt. Specimen no. 17593
at GPIT, Ttbingen. Specimen MB.J. 1721 at Museum f. Naturkunde, Berlli)n. Specimens nos
VI 98¢, VI 98b1/b2, and VI 98a at Senckenberg Museum, Frankfurt. Specimen no. 6192 at
MCZ, Cambridge/Mass. Specimens no. 3831 and nos 3829-3830 in coll. BaveT at Carnegie
Museum, Pittsburgh (figured in CARPENTER 1932: fig. 4). The drawing of a complete pair of
wings in SCHLUTER & HARTUNG (1982: fig. 3) is not (!) based on an original drawing from a
new specimen, but clearly is a combined redrawing from previous published figures, since the
basal parts of the wings are absolutely identical with CarPENTER’s figure (including the four
posterior branches of CuAa in the hindwing). Specimen without number in coll. BEcHLY (ex
coll. Lupwig) that will be acquired by SMNS, Stuttgart. Specimen without number in private
coll. KumreL, Wuppertal, and a specimen in private coll. Kariorr (Regensburg). Frick-
HINGER (1994: figs 255) provided a photo of a f}zlrther complete specimen in coll. INTERFOsS
(wing span 19 ¢m, probably female).The current location of the latter specimen is unknown.
Two specimens labelled «Urogomphus giganteus» in exhibition of coll. LEict at the Fossilium
in Bochum, indeed are both specimens of Aeschnogomphus intermedins (Petalurida). Meu-
NIER (1898) mentioned five specimens in the Museum of Munich. These five specimens most
likely represent the holotype of U. giganteus (AS VII 791 = no. 252 of MEUNIER), the misiden-
tified specimen of Aeschnogomphus (AS VII 795 = no. 250 of MEUNIER ?), and HAGEN’s three
syntypes of U. eximius (nos 16, 17, and 18 = nos 251, 253, and 254 of MEunNier ?). All these
specimens are still present in this museum (BSPGM).

New diagnosis. — Nearly all known characters, except of size, are more or less
identical with U. eximius. 1 here regard all specimens with a wing length
above 80 mm as U. giganteus, although the minimum wing length of 81-85 mm is al-
so very close to the maximum wing length of U. eximius (78 mm). However, the
maximum wing length of 93-95 mm certainly excludes a conspecific status with
small U. eximius specimens (wing length, 68 mm). Therefore, two distinct species of
Urogomphus in the Solnhofen Limestone are certainly justified, even though they
can only be distinguished by a very small gap of 3 mm between their size ranges.

A further distinction from U. eximius seems to be the number of rows of cells
between ScP and costal margin in the antenodal area of the forewings: in U. gigan-
teus there are four rows of cells between Ax1 and Ax2, and three rows of cells
between Ax2 and nodus (visible in specimens SMF no. VI 98¢ and SMF no. VI 98b2),
while in U. eximius there are only two rows of cells in these areas (visible in speci-
men BSPGM no. 17), just like in the hindwings of both species. Three rows of cells
are also present in the costal part of the forewing antenodal area of U. nusplingensis
n. sp. (also between Ax1 and Ax2), which could well represent a synapomorphy
with U. giganteus.

Redescription

Holotype BSPGM no. AS VII 791 (Figs 1-2): A complete female dragon-
fly with poorly preserved wing venation that was regarded by NeL & MARTINEZ-
DeLcros (1993) as not showing any usable characters. This redescription proves
that this statement is not quite true. Very important is the lucky circumstance that
the pterostigmal brace vein is still visible in the hindwing, since its position and
shape demonstrates the relationship of the holotype of U. giganteus (type species!)
with the other better preserved specimens of the three species of this genus. Other-
wise a congeneric status of these aeschnidiids would have been solely based on the
common large size and the common origin from the Upper Jurassic of southern
Germany.

Body: Length from head to end of abdomen (without ovipositor), 84 mm. Width
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-

Fig. 1. Urogomphus giganteus, ? holotype BSPGM AS VII 791, left wings. Scale 10 mm.

Fig.2.  Urogomphus giganteus, ? holotype BSPGM AS VII 791. Scale as indicated by rule.



BECHLY, REVISION OF UROGOMPHUS 7

of head, 11.8 mm. Compound eyes rather small and widely separated (min. distance,
4.2 mm). The abdomen is 60 mm long, broad (max. width, 5.9 mm), and has an ovi-
positor (length, 14 mm). Thus, it is a female specimen.

Forewing: Length, 91.8 mm; width at nodus, 18.7 mm; distance from base to ar-
culus, 9.1 mm; from base to nodus, 42.1 mm. Nodus of Aeschnidiidae type and sit-
uated at about 46 % of wing length. Pterostigma not preserved. Nodal veinlet weak-
ly oblique, but subnodal veinlet more oblique. ScP apparently prolonged through
nodus by a long pseudo-ScP (length, 10.8 mm) in basal postnodal area. Postnodal
and antenodal crossveins, including two primary antenodal crossveins, not pre-
served. Arculus weakly defined and angled. First branching of RP (midfork) 9.3 mm
basal of subnodus, and origin of IR2 6.3 mm basal of subnodus. Base of RP2 aligned
with subnodus. Oblique veins ‘O’ not preserved. Rspl well-defined, long (length
about 23.9 mm), and parallel to IR2; Rspl not reaching posterior wing margin, but
ending on IR2. RP2 and IR2 smoothly curved; area between RP2 and IR2 distally
gently widened, but again narrowed near wing margin. RP1 and RP2 divergent.
Curved concave secondary vein (apical supplement) between RP1 and RP2; pseudo-
IR1 not preserved. Area between RP3/4 and MA distally widened, but again nar-
rowed near wing margin. Mspl well-defined and long (length, 20.7 mm); Mspl not
reaching posterior wing margin, but ending on MA. Several convex secondary veins
originating on Mspl and reaching posterior wing margin. Hypertriangle very long
and narrow (length, 15.4 mm; max. width, 1.0 mm); its costal margin is rather
straight. Discoidal triangle transverse; length of its anterior side, 4.8 mm; of its basal
side, 6.7 mm,; of its distal side MAb, 7.3 mm; basal side sigmoidally curved, but dis-
tal side MAb straight. MP, CuA and distal part of AA not preserved. Anal area in-
completely preserved.

Hindwing: Length, 90.7 mm (not 85.3 mm as incorrectly stated by NeL &
MARTINEZ-DELCLOS 1993); max. width near wing base, 26.8 mm; width at nodus,
24.3 mm; distance from base to arculus, 8.6 mm; distance from base to nodus,
40.5 mm; from nodus to pterostigma, about 25.3 mm (indicated by the pterostigmal
brace vein). Nodus of Aeschnidiidae type and situated at about 45 % of wing length.
Pterostigma not preserved, but the clearly preserved pterostigmal brace vein proves
that it was in a basal position, and distinctly braced by a strong and very oblique
brace vein. Nodal veinlet weakly oblique, but subnodal veinlet more oblique. ScP
apparently prolonged through nodus by a long pseudo-ScP (length, 8.6 mm) in ba-
sal postnodal area. Postnodal and antenodal crossveins hardly preserved. Axl1
aligned with arculus, but Ax2 not preserved. Arculus weakly defined and angled.
First branching of RP (midfork) 11.4 mm basal of subnodus, and origin of IR2
8.4 mm basal of subnodus. Base of RP2 aligned with subnodus. Oblique veins ‘O’
not preserved. Rspl well-defined, long (length, 23.9 mm), and parallel to IR2; Rspl
not reaching posterior wing margin, but ending on IR2. RP2 and IR2 smoothly
curved; area between RP2 and IR2 distally gently widened, but again narrowed near
posterior wing margin. RP1 and RP2 divergent. Curved concave secondary vein (ap-
ical supplement) between RP1 and RP2. Area between RP3/4 and MA distally gent-
ly widened, but again narrowed near wing margin. Mspl well-defined and long
(length, 23.9 mm); Mspl not reaching posterior wing margin, but ending on MA.
Several convex secondary veins originating on Mspl and reaching posterior wing
margin. Postdiscoidal area distally widened (width near discoidal triangle, 7.9 mmy;
width at posterior wing margin, 16.6 mm). Hypertriangle very long, but broader
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than in forewing (length, 14.6 mm; max. width, 1.6 mm); its costal margin is rather
straight. Discoidal triangle transverse; length of its anterior side, 3.6 mm; of its basal
side, 7.5 mm; of its distal side MAD, 8.0 mm; basal side sigmoidally curved, but dis-
tal side MAD straight. Anal vein divided into a well-defined anterior secondary
branch PsA and an angled main branch AA, delimiting a very large subdiscoidal tri-
angle. PsA ends on MP at basal angle of discoidal triangle. MP and CuA basally par-
allel, but diverging near posterior wing margin. MP reaches posterior wing margin
on level of nodus. Basal posterior branches of CuA suppressed, and original cubito-
anal area occupied by a concave secondary vein Aspll and its posterior branches, al-
ternating with convex intercalary veins. Subdiscoidal veinlet distinct (length,
0.3 mm). Max. width of cubito-anal area (below discoidal triangle), 11.1 mm. Anal
area broad (max. width, probably about 20 mm) and fan-like with numerous poste-
rior branches of AA, alternating with concave intercalaries (Aspls). Anal loop com-
pletely absent, but one pseudo-anal loop basal of subdiscoidal triangle.

Specimen JME no. 1951.21. (Figs 3—4): A nearly complete but very poorly
preserved female dragonfly (labelled «Urogomphus giganteus, Wintershof-Ost»).

Body: Length from head to end of abdomen (without ovipositor), about 84 mm.
The abdomen is about 65 mm long and extended by an ovipositor (length, ab-
out 12-13 mm). Thus, it is a female specimen.

Forewing: Length, 94.5 mm. The wing venation is too incompletely preserved to
be worth a detailed description, but the visible features completely agree with the
holotype.

Hindwing: Length 93.5 mm; max. width near wing base, 26.4 mm; width at no-
dus, about 23.6 mm. Arculus and nodus not preserved. Pterostigma in a basal posi-
tion, very short (max. length, 2.5 mm; max. width, 1.1 mm), and distinctly braced by
a strong and very oblique brace vein that is slightly displaced distally (not aligned
with basal side of pterostigma). Postnodal and antenodal crossveins not preserved.
Oblique veins ‘O’ not preserved. Rspl well-defined, long (length, about 23.2 mm),
and parallel to IR2; Rspl not reaching posterior wing margin, but ending on IR2.
RP2 and IR2 smoothly curved; area between RP2 and IR2 distally gently widened,
but again narrowed near posterior wing margin. RP1 and RP2 divergent. Curved
concave secondary vein (apical supplement) between RP1 and RP2, accompanied by
a long basal convex secondary vein (primary IR1 ?). Area between RP3/4 and MA
distally widened, but again narrowed near wing margin. Mspl well-defined and very
long (length, 32.1 mm); Mspl not reaching posterior wing margin, but ending on
MA. Several convex secondary veins originating on Mspl and reaching posterior
wing margin. Postdiscoidal area distally widened (width near discoidal triangle,
7.9 mm; width at posterior wing margin, 17.8 mm). Hypertriangle only partly pre-
served. Discoidal triangle transverse; length of its anterior side, 3.6 mm; of its basal
side, 7.1 mm; of its distal side MAb, 7.7 mm; basal side sigmoidally curved, but dis-
tal side MAD straight. Anal vein divided into a well-defined and hypertrophied an-
terior secondary branch PsA and an angled main branch AA, delimiting a very large
subdiscoidal triangle. PsA ends on MP at basal angle of discoidal triangle. MP and
CuA basally parallel, but gently diverging near posterior wing margin. CuAa with
three well-defined distal posterior branches in both hindwings; CuAb reduced to an
“oblique crossvein” between CuA and Aspl (only preserved in right hindwing). Ba-
sal posterior branches of CuA suppressed, and original cubito-anal area occupied by
a concave secondary vein Aspll and its posterior branches, alternating with convex
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Fig.3.  Urogomphus giganteuns, ? JME 1951.21, left hindwing and right hindwing base.
Scale 10 mm.

Fig. 4. Urogomphus giganteus, ? JME 1951.21. Scale as indicated by rule.
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intercalary veins. Subdiscoidal veinlet distinct (length, 0.3 mm). Max. width of cubi-
to-anal area (below discoidal triangle), 11.4 mm. Anal area broad and fan-like with
numerous posterior branches of AA, alternating with concave intercalaries (Aspls).
Anal loop completely absent, but one pseudo-anal loop basal of subdiscoidal trian-
gle.

Specimen no. 17593, GPIT, Tibingen: A complete but poorly preserved
female dragonfly (labelled «Urogomphus eximins HAGEN, Libelle, Malm zeta, Soln-
hofen» and «21 Petalia spc. Solnhofen»).

Body: Length from head to end of abdomen (without ovipositor), 92 mm. Width
of abdomen, 6 mm. Length of ovipositor, 15 mm.

Forewing: Length, 90.0 mm.

Specimen no. MB.J. 1721: Plate and counterplate of two forewings (labelled
«Aeschnogomphus charpentieri HAGEN, REDENBACHER’sche Sammlung, Solenho-
fen»), of which only one is complete (length, 83.0 mm).

Specimen SMF no. VI 98¢ (Figs 5-7): A photo of this very well-preserved
specimen (labelled «Urogomphus giganteus Germ., Alte Slg., Solnhofen») was pub-
lished by Marz & ScHrRODER (1979: fig. 23). It definitely shows the best-pre-
served wing venation of all known specimens! The apex of the forewing and the
distal halves of the right fore- and hindwing are missing, but the left hindwing is
complete and about 85 mm long. The left hindwing shows the following charac-
ters: area between RP1 and RP2 with a basal convex secondary vein (IR1 ?), and a
distal curved concave secondary vein (apical supplement); pterostigma in a basal
position (basal end 67 mm distal of wing base), short (3 mm), and with a very
oblique brace vein that is aligned with its basal margin; CuAa with three distal
branches (also in the right hindwing); only two rows of cells in the costal part of

Ll
b

Fig.5.  Urogomphus giganteus, 3 SMF VI 98c. Scale as indicated by rule.
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Fig. 6. Urogomphus giganteus, & SMF VI 98¢, left wings. Without scale.

Fig.7.  Urogomphus giganteuns, & SMF VI 98¢, right wings. Without scale.
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Fig.8.  Urogomphus giganteus, 3 SMF VI 98b1. Scale as indicated by rule.

the antenodal area (also in the right hindwing). In both forewings there are four
rows of cells in the costal part (between ScP and costal margin) of the antenodal
area between Ax1 and Ax2, and three rows of cells between Ax2 and nodus. All
other visible characters of the wing venation agree with the other specimens of
Urogomphus giganteus described here. The body is relatively poorly preserved
(length of thorax & abdomen, about 77 mm). The abdomen is about 67.2 mm long
and distally broadened (max. width, 7 mm). There is no ovipositor visible, thus it is
probably a male specimen.

Specimen SMF no. VI 98b1/b2 (Fig. 8): A photo of no. VI 98b1 was pub-
lished by FRICKHINGER (1994: fig. 263). It is a plate and counterplate of a complete,
but not very well-preserved specimen (labelled «Urogomphus gigantens GErmar 3,
det. HANDLIRSCH»). The body is 77 mm long, and the abdomen is distally somewhat
broadened (basal width, 3 mm; distal width, 5 mm). There is no ovipositor visible,
thus it is probably a male specimen. The forewing is about 80-81 mm long, and the
hindwing only about 79-80 mm long. The wing venation of the counterplate is bet-
ter preserved and shows three to four rows of cells between ScP and costal margin in
the antenodal area of the forewing, and only two rows in the same area of the hind-
wing.

Specimen SMF no. VI 98a (Fig. 9): An incomplete dragonfly (labelled «Uro-
gomphus gigantens (GErm.), Prof. E. RicHTERS, 1900, det. HANDLIRSCH»). Head,
thorax, both hindwings, and a part of the abdomen are preserved. The forewings and
legs, and the distal part of the abdomen are missing. Both hindwings are folded to
the left side of the fossil. The left hindwing is 81 mm long (the right hindwing ap-
pears to be shorter, only 78 mm long, but this is obviously due to its folding on the
left side); the wing venation is poorly preserved, but shows the typical features of
Aeschnidiidae (transverse triangle, etc.).
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Fig. 9.  Urogomphus gigantens, SMF VI 98a. Scale as indicated by rule.

Specimen MCZ no. 6192 (Figs 10-12): An incomplete dragonfly (labelled
«Urogomphus giganteus Solnhofen») with rather well-preserved wing venation. The
head, legs, distal halves of the left pair of wings, and the antero-distal part of the right
forewing are missing. The abdomen is preserved, but does not show any details.
Since it is rather slender, distally somewhat broadened, and does not have an ovipos-
itor, it most likely is a male specimen.

Hindwing: Length, 83.5 mm; max. width near wing base, 26.4 mm; width at no-
dus, 22.5 mm; distance from base to arculus, 6.5 mm; from base to nodus, 37.6 mm;
from nodus to pterostigma, 27.5 mm; from pterostigma to apex, 13.5 mm. Nodus of

Fig. 10. Urogomphus giganteus, 3 MCZ 6192, right hindwing. Scale 10 mm.
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Fig. 11.  Urogomphus giganteus, 3 MCZ 6192, right wings. Scale as indicated by rule.
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Fig. 12.  Urogomphus giganteus, 3 MCZ 6192. Scale as indicated by rule.
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Aeschnidiidae type and situated at about 45 % of wing length. Pterostigma in a ba-
sal position (max. length, 3.1 mm; max. width, 1.1 mm), and distinctly braced by a
strong and very oblique brace vein that is slightly displaced distally (not aligned with
basal side of pterostigma). Nodal veinlet and subnodal veinlet oblique. ScP appar-
ently prolonged through nodus by a long pseudo-ScP (length, 8.2 mm) in basal post-
nodal area. Numerous postnodal crossveins between nodus and pterostigma, not
aligned with corresponding postsubnodal crossveins. Two rows of cells in most part
of area between RA and RP1 basal and distal of pterostigmal brace vein. Numerous
antenodal crossveins between costal margin and ScP, not aligned with secondary an-
tenodal crossveins between ScP and RA. Two rows of cells in complete antenodal ar-
ea between costal margin and ScP, but only one row of cells in antenodal area
between ScP and RA. Two primary antenodal crossveins aligned and distinctly
stronger, with about fourteen or fifteen cells between them. Ax1 only 0.6 mm basal
of arculus, and Ax2 10.2 mm distal of Ax1, on level of basal half of discoidal triangle.
Basal brace Ax0 preserved, and several accessory antenodal crossveins between Ax0
and Ax1. Arculus weakly defined and angled. RP and MA not fused at arculus, but
originating from one place on RA. First branching of RP (midfork) 12.9 mm basal of
subnodus, and origin of IR2 9.0 mm basal of subnodus. Base of RP2 aligned with
subnodus. Two oblique veins ‘O’, 5.4 mm and 9.7 mm distal of subnodus (the sec-
ond one being more oblique than the first one). Rspl well-defined, long (length,
22.4 mm), and parallel to IR2; Rspl not reaching posterior wing margin, but ending
on IR2. Several (about seven) convex secondary veins originating on Rspl and reach-
ing posterior wing margin, alternating with concave intercalaries. RP2 and IR2
smoothly curved; area between RP2 and IR2 distally gently widened, but again nar-
rowed near posterior wing margin. RP1 and RP2 divergent. Curved concave secon-
dary vein (apical supplement) between RP1 and RP2, enclosed by a furcation of a
long basal convex intercalary (primary IR1 ?). Area between RP3/4 and MA distal-
ly widened, but again narrowed near wing margin. Mspl well-defined and very long
(length, 29.1 mm); Mspl not reaching posterior wing margin, but ending on MA.
Several (about six) convex secondary veins originating on Mspl and reaching poste-
rior wing margin, alternating with concave intercalaries. Postdiscoidal area distally
widened (width near discoidal triangle, 7.2 mm; width at posterior wing margin,
16.1 mm). Hypertriangle very long, but not very narrow (length, 12.4 mm; max.
width, 1.5 mm); its costal margin is rather straight. Discoidal triangle transverse and
divided into numerous cells arranged in two “vertical” rows; length of its anterior
side, 3.5 mmy; of its basal side, 6.6 mm; of its distal side MADb, 7.5 mm; basal side sig-
moidally curved, but distal side MAb somewhat concave-curved. Anal vein divided
into a well-defined and hypertrophied anterior secondary branch PsA and an angled
main branch AA, delimiting a very large subdiscoidal triangle. PsA ends on MP at
basal angle of discoidal triangle. MP and CuA basally parallel, but distally diverging.
MP reaches posterior wing on level of nodus. CuAa with two well-defined distal
posterior branches; CuAb reduced to an “oblique crossvein” between CuA and
Aspl. Basal posterior branches of CuA suppressed, and original cubito-anal area oc-
cupied by a concave secondary vein Aspll and its posterior branches, alternating
with convex intercalary veins. Subdiscoidal veinlet distinct (length, 0.3 mm). Max.
width of cubito-anal area (below discoidal triangle), 11.9 mm. Anal area broad (max.
width, 19.3 mm) and fan-like with five posterior branches of AA, alternating with
concave intercalaries (Aspls). Anal loop completely absent, but a row of five pseu-
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do-anal loops basal of subdiscoidal triangle. Neither distinct anal angle, nor anal tri-
angle, but anal margin makes rectangular bend near wing base. A small membranule
seems to be visible.

Specimen nos 3829-3830 in Carnegie Museum: CARPENTER (1932: fig.
4) provided a drawing of the wing venation of the basal parts of right fore- and hind-
wing of this very well-preserved specimen. The visible characters agree with the oth-
er specimens of Urogomphus giganteus described here, except for the presence of
four posterior branches of CuAa in the hindwing. Since the venation in the cubito-
anal area is very complex, because of the numerous intercalary veins, I suppose that
this unusual condition is rather based on a drawing error.

Specimen without number in coll. BEcHLY: A relatively well-preserved
dragonfly with both hindwings, fragments of the forewings, pterothorax, and abdo-
men with ovipositor, thus it is a female specimen.

Body: The thorax does not show any details, and the legs are not visible. The ab-
domen is 70 mm long and 5.5-7 mm wide. The ovipositor is visible, but its distal
part is missing.

Hindwing: Length, about 95 mm, thus the biggest known specimen. The distal
side MADb of the discoidal triangle is distinctly curved in a concave way.

Specimen without number in coll. Kumprer, Wuppertal (Fig. 13): A
complete but poorly preserved dragonfly without ovipositor, thus it is probably a
male specimen.

Body: The head is incomplete. The thorax does not show any details, and the legs
are not visible. The abdomen is 63 mm long, distally somewhat dilated (male), and
the anal appendages seem to be very small or incompletely preserved.

Fig. 13.  Urogomphus giganteus, & coll. KumpeL without no. Scale as indicated by rule.
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Fig. 14. Urogomphus giganteus, & coll. Kariorp without no. Scale unknown (photo by
K.A. FRICKHINGER).

Forewing: Length, 89.2 mm.

Hindwing: Length, 90.5 mm.

Specimen without number in coll. Kariorr, Regensburg (Fig. 14): A
complete dragonfly with well-preserved body. The compound eyes are distinctly
separated; the abdomen is short; and the wing span is about 17 cm. Since there is no
ovipositor visible it is probably a male specimen.

Urogomphus eximins (HAGEN, 1862)
Figs 15-25

#1862 Petalura eximia. — HAGEN, p. 107.

1869 Petalura eximia. — WEYENBERGH, p. 235.

1898 Estemoa gigantea [sensu MEUNIER]. — MEUNIER, pp. 120-121, pl. 7, fig. 13.

1906 Urogomphus eximius HAGEN. — HANDLIRSCH, p. 595.

1932 Urogomphus eximins (HAGEN). — CARPENTER, pp. 107-108.

1982 Urogomphus eximius (HAGEN, 1862). — SCHLUTER & HARTUNG, p. 301.

1993 Urogomphus eximins (HAGEN, 1862) (HANDLIRSCH, 1906—1908). — NEL & MARTI-
NEZ-DELCLOS, p. 56 (placed in Aeschnidiidae genus incertae sedis stat. nov.).

1993 Lithoaeschnidium viohli. - NeL & MartiNez-DELcLOS, pp. 57-60, figs 33-40 (new
synonymy, as junior subjective synonym).

1996 Urogomphus eximins (HAGEN, 1862). — NEL, BECHLY & MARTINEZ-DELCLOS, p. 178.

Lectotype: HaGEN (1862) described three syntypes at BSPGM (Munich), but did not
designate a holotype. I here designate the male specimen no. 16 as lectotype.

Type locality: Solnhofen, southern Frankonian Alb, Bavaria, Germany.

Type horizon: Upper Jurassic, Malm € 2b (“oberer Weif{jura”), Lower Tithonian, Hy-
bonotum-Zone, Solnhofin Lithographic Limestone.
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Paratypes: Because of the present lectotype designation, female specimen no. 17 and fe-
male specimen without number (no. 18 ?) at BSPGM (Munich) are paralectotypes.

Further material: Specimens no. 63717 and no. 63718 at SMNS (Stuttgart), and a speci-
men without number in coll. BEcHLY (ex coll. Lupwig) that will be acquired by SMNS, too.

New diagnosis. — Nearly all known characters, except of size, are more or less
identical with U. giganteus. I here regard all specimens with a wing length of less
than 80 mm as U. eximius, although the maximum wing length of 78 mm is rather
close to the minimum wing length of U. giganteus (81-85 mm). However, the mini-
mum wing length of 68 mm certainly excludes a conspecific status with large U.
giganteus specimens (wing length, 93—95 mm). Therefore, two distinct species of
Urogomphus in the Solnhofen Limestone are certainly justified, even though they
can only be distinguished by a small gap of 3 mm between their size ranges.

A further distinction from the other two species seems to be the number of rows
of cells between ScP and costal margin in the antenodal area of the forewings: in U.
eximius there are only two rows of cells in this area of the forewing, just like in the
hindwings of all three species, while there are three or four rows of cells in the refer-
ring area of the forewing in the other two species.

Redescription

Lectotype BSPGM no. 16 (Figs 15-16): A complete and rather well-pre-
served male dragonfly (labelled «No. 16 Petalura eximia 3, Aeschna eximia M.M.
XI., H., Solenhofen»), of which only the legs are not visible. All the main wing veins
are visible, but the cross-venation is hardly preserved. Wing span 161.9 mm.

e

Fig. 15.  Urogomphus eximins, 3 lectotype BSPGM 16, right wings. Scale 10 mm.
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Fig. 16.  Urogomphus eximius, 3 lectotype BSPGM 16. Scale as indicated by rule.

Body: Length from head to end of abdomen, 78.6 mm. Width of head, 11.3 mm.
Compound eyes rather small and widely separated (min. distance, 2.4 mm). The ab-
domen is about 55 mm long, relatively slender (width, about 3 mm), but distally
somewhat broadened (max. width, 4.9 mm), and lacks an ovipositor. Thus, it is most
likely a male specimen (females have a broad abdomen, without distal dilation, but
with a long ovipositor).

Forewing: Length, 76.3 mm; width at nodus, 17.2 mm; distance from base to ar-
culus, 5.2 mm; from base to nodus, 36.1 mm; from nodus to pterostigma, 21.8 mmy;
from pterostigma to apex, 15.4 mm. Nodus of Aeschnidiidae type and situated at
about 47 % of wing length. Pterostigma in a basal position, relatively short (max.
length, 3.4 mm; max. width, 1.0 mm), and distinctly braced by a strong and very
oblique brace vein that is slightly displaced distally (not aligned with basal side of
pterostigma). Nodal veinlet weakly oblique, but subnodal veinlet more oblique. ScP
apparently prolonged through nodus by a long pseudo-ScP (length, 8.8 mm) in ba-
sal postnodal area. Postnodal and antenodal crossveins, including two primary ante-
nodal crossveins, not preserved. Arculus weakly defined and angled. RP and MA not
fused at arculus, but originating from one place on RA. First branching of RP (mid-
fork) 11.6 mm basal of subnodus, and origin of IR2 6.5 mm basal of subnodus. Base
of RP2 aligned with subnodus. Two oblique veins ‘O’, 1.9 mm and 7.4 mm distal of
subnodus. Rspl well-defined, long (length about 20 mm), and parallel to IR2; Rspl
not reaching posterior wing margin, but ending on IR2. Six convex secondary veins
originating on Rspl and reaching posterior wing margin. RP2 and IR2 smoothly
curved; area between RP2 and IR2 distally gently widened, but again narrowed near
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wing margin. RP1 and RP2 divergent. Curved concave secondary vein (apical sup-
plement) between RP1 and RP2, accompanied by a basal longltudmal convex inter-
calary (primary IR1 ?); several convex secondary veins originating on apical supple-
ment and reaching posterior wing margin; pseudo-IR1 not preserved Area between
RP3/4 and MA distally widened, but again narrowed near wing margin. Mspl well-
defined and long (length, 20.4 mm); Mspl not reaching posterior wing margin, but
ending on MA. Several convex secondary veins originating on Mspl and reaching
posterior wing margin, alternating with concave intercalaries. Postdiscoidal area dis-
tally widened (width near discoidal triangle, 6.7 mm; width at posterior wing mar-
gin, 14.7 mm). Hypertriangle very long and narrow (length, 12.7 mm; max. width,
1.2 mm); its costal margin is rather straight. Discoidal triangle transverse; length of
its anterior side, 4.0 mm; of its basal side, 5.9 mm; of its distal side MAb, 6.8 mm; ba-
sal side sigmoidally curved, but distal side MAb straight. Anal vein divided into a
well-defined anterior secondary branch PsA and an angled main branch AA, delim-
iting a large subdiscoidal triangle. PsA ends on MP at basal angle of discoidal trian-
gle. MP and CuA parallel up to posterior wing margin. MP reaches posterior wing
margin somewhat basal of level of nodus. CuA with at least five well-defined poste-
rior branches. Subdiscoidal veinlet distinct (length, 0.2 mm). Max. width of cubito-
anal area, about 3.2 mm. Anal area broad (max. width, about 5 mm).

Hindwing: Length, 77.6 mm; max. width near wing base, 24.1 mm; width at no-
dus, 20.9 mm; distance from base to arculus, 6.2 mm; distance from base to nodus,
33.8 mm; from nodus to pterostigma, 25.2 mm; from pterostigma to apex, 13.8 mm.
Nodus of Aeschnidiidae type and situated at about 44 % of wing length. Pterostig-
ma in a basal position, hardly longer than in forewing (max. length, 3.7 mm; max.
width, 1.1 mm), and distinctly braced by a strong and very oblique brace vein that is
slightly displaced distally (not aligned with basal side of pterostigma). Nodal veinlet
weakly oblique, but subnodal veinlet more oblique. ScP apparently prolonged
through nodus by a long pseudo-ScP (length, 10.8 mm) in basal postnodal area. Two
primary antenodal crossveins aligned and stronger. Ax1 aligned with arculus, and
Ax2 9.8 mm distal of Ax1. Arculus weakly defined and angled. RP and MA not
fused at arculus, but originating from one place on RA. First branching of RP (mid-
fork) 10.8 mm basal of subnodus, and origin of IR2 7.1 mm basal of subnodus. Base
of RP2 aligned with subnodus. Oblique veins ‘O’ not preserved. Rspl well-defined,
long (length, 18.9 mm), and parallel to IR2; Rspl not reaching posterior wing mar-
gin, but ending on IR2. Several convex secondary veins originating on Rspl and
reaching posterior wing margin, alternating with concave intercalaries. RP2 and IR2
smoothly curved; area between RP2 and IR2 distally gently widened, but again nar-
rowed near posterior wing margin. RP1 and RP2 divergent. Curved concave secon-
dary vein (apical supplement) between RP1 and RP2, enclosed by a furcation of a
long basal convex intercalary (primary IR1 ?). Area between RP3/4 and MA distal-
ly widened, but again narrowed near wing margin. Mspl well-defined and very long
(length, 23.8 mm); Mspl not reaching posterior wing margin, but ending on MA.
Several convex secondary veins originating on Mspl and reaching posterior wing
margin, alternating with concave intercalaries. Postdiscoidal area distally widened
(width near discoidal triangle, 7.2 mm; width at posterior wing margin, 15.5 mm).
Hypertriangle very long, but broader than in forewing and hindwing of other spec-
imens (length, 10.9 mm; max. width, 1.5 mm); its costal margin is rather straight.
Discoidal triangle transverse; length of its anterior side, 3.0 mm; of its basal side,
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6.5 mm; of its distal side MAb, 7.0 mm; basal side sigmoidally curved, but distal side
MAD straight. Anal vein divided into a well-defined and hypertrophied anterior sec-
ondary branch PsA and an angled main branch AA, delimiting a very large subdis-
coidal triangle (maybe “fused” with adjacent pseudo-anal loop). PsA ends on MP at
basal angle of discoidal triangle. MP and CuA more or less parallel. MP reaches pos-
terior wing margin slightly basal of level of nodus. CuAa with three well-defined
distal posterior branches; CuAb reduced to an “oblique crossvein” between CuA
and Aspl. Basal posterior branches of CuA suppressed, and original cubito-anal ar-
ea occupied by a concave secondary vein Aspll and its posterior branches, alternat-
ing with convex intercalary veins. Subdiscoidal veinlet distinct (length, 0.5 mm).
Max. width of cubito-anal area (below discoidal triangle), 10.5 mm. Anal area broad
(max. width, 17.2 mm) and fan-like with numerous posterior branches of AA, alter-
nating with concave intercalaries (Aspls). Anal loop completely absent, but one
pseudo-anal loop basal of subdiscoidal triangle. Neither distinct anal angle, nor anal
triangle, but anal margin makes rectangular bend near wing base. No membranule
visible.

Discussion: NEL & MarTINEZ-DELCLOS (1993) regarded the type series (three
specimens at BSPGM) of HAGEN (1862) as lost, although they mentioned that they
found specimen no. 17 at BSPGM, which probably belongs to this type series. They
designated this specimen no. 17 as holotype of a new genus and species (Lithoaesch-
nidium viohli), because it does not precisely agree in size with HAGEN’s original de-
scription. On the other hand, ScHWEIGERT et al. (1996) mentioned that only two of
the three syntypes of HAGEN (1862) are still present in the collection of BSPGM.

I could find three specimens of Urogomphus eximius at BSPGM that are all
marked with a “H”, which indicates that they belong to coll. HAEEERLEIN (MAYR
pers. comm.). This collection was already present in this museum in the time of
HaceN. The conclusion that these three specimens represent the type series of Ha-
GEN is also supported by the information of MEUNIER (1898) that five specimens of
Urogomphus are present in the Museum of Munich (including the holotype of U.
giganteus, and a specimen of Aeschnogomphus that was misidentified as U. gigan-
teus). The three U. eximius specimens represent two females with ovipositor (speci-
men no. 17, and a specimen without number), and one putative male specimen with-
out ovipositor (specimen no. 16). HAGEN (1862) mentioned that his type series in-
cludes two female and one male specimen in this museum. In his original description
he stated a body length of 80 mm and a wing span of 160 mm. This description ex-
actly agrees with the size of specimen no. 16, but neither with specimen no. 17, nor
with the female specimen without number. The latter specimen might indeed be the
third syntype of HAGEN (no. 18), since I found a separate label «Nr. 18 Petalura ex-
imia ? Aeschna eximia Munst. H. Solenhofen» [sic]. I regard the three mentioned
specimens as representing the complete type series of HAGEN, and here designate
specimen no. 16 as lectotype, because of its agreement in size with the original de-
scription. The other two specimens therefore have to be regarded as paralectotypes.

Paralectotype (and holotype of Lithoaeschnidium viohli) BSPGM
no. 17 (Figs 17-18): A complete and well-preserved female dragonfly (wing span
of forewings, 151 mm).

Body: Length from head to end of abdomen, 77 mm. Head and thorax do not
show any details, but the segmentation of the abdomen is still visible. Length of ab-
domen (without ovipositor), 55 mm. The valves (length, about 16.5 mm) of the ovi-
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Fig. 17.  Urogomphus eximius, @ paralectotype BSPGM 17 (holotype of Lithoaeschnidium
viohli), left wings (original drawing combined with detail drawings of NeL & Mar-
TINEZ-DELCLOS 1993). Scale 10 mm.

Fig. 18.  Urogomphus eximius, @ paralectotype BSPGM 17 (holotype of Lithoaeschnidium
viohli). Scale as indicated by rule.
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positor are far spread, one being direct backwards, and one slanted obliquely for-
wards (see NEL & MarTINEZ-DELCLOS 1993: fig. 40; with incorrect scale!).
Forewing: Length, 69.4 mm (length incorrectly stated as 73-74 mm in NeL &
MARrTINEZ-DELCLOS 1993); width at nodus, 14.4 mm; distance from base to arculus,
5.5 mm; from base to nodus, 32.1 mm; from nodus to pterostigma, 21.6 mm; from
pterostigma to apex, 12.5 mm. Nodus of Aeschnidiidae type and situated at ab-
out 46 % of wing length. Pterostigma in a basal position, relatively short (max.
length, 3.3 mm; max. width, 0.8 mm), and distinctly braced by a strong and very
oblique brace vein that is slightly displaced distally (not aligned with basal side of
pterostigma). Small part of distal antenodal area near nodus sclerotized (“accessory
pterostigma” ?). Nodal veinlet weakly oblique, but subnodal veinlet more oblique.
ScP apparently prolonged through nodus by a long zigzagged pseudo-ScP (length,
7.4 mm) in basal postnodal area. Numerous postnodal crossveins between nodus
and pterostigma, not aligned with corresponding postsubnodal crossveins. Appar-
ently only one row of cells in distal half of area between RA and RP1 basal and dis-
tal of pterostigmal brace vein. Numerous antenodal crossveins between costal mar-
gin and ScP, not aligned with secondary antenodal crossveins between ScP and RA
(more than 45). Two rows of cells in complete antenodal area between costal margin
and ScP, but only one row of cells in antenodal area between ScP and RA. Two pri-
mary antenodal crossveins aligned and distinctly stronger, with eleven cells between
them. Ax1 only 0.8 mm basal of arculus, and Ax2 6.8 mm distal of Ax1, even basal of
level of basal side of discoidal triangle. Antesubnodal area with numerous cross-
veins, but without any gap of crossveins near nodus. Arculus weakly defined and an-
gled. RP and MA not fused at arculus, but originating from one place on RA. Ten
bridge-crossveins (Bqs) visible basal of subnodus. Numerous antefurcal crossveins
between RP and MA basal of midfork. First branching of RP (midfork) 8.3 mm ba-
sal of subnodus, and origin of IR2 6.8 mm basal of subnodus. Base of RP2 aligned
with subnodus. Two oblique veins ‘O’, five cells (2.2 mm) and eleven cells (6.6 mm)
distal of subnodus. Rspl well-defined, long (length about 17.8 mm), and parallel to
IR2; Rspl not reachmg posterior wing margin, but endlng on IR2. Six convex secon-
dary veins originating on Rspl and reaching posterior wing margin, alternating with
concave intercalaries. RP2 and IR2 smoothly curved; area between RP2 and IR2 dis-
tally gently widened with two or more rows of cells, but again narrowed near wing
margin. RP1 and RP2 divergent. Curved concave secondary vein (apical supple-
ment) between RP1 and RP2, accompanied by a basal longitudinal convex interca-
lary (primary IR1 ?); several convex secondary veins originating on apical supple-
ment and reaching posterior wing margin; pseudo-IR1 not clearly preserved. Area
between RP3/4 and MA distally widened with three rows of cells, but again nar-
rowed near wing margin. Mspl well-defined and very long (length, 20.3 mm); Mspl
not reaching posterior wing margin, but ending on MA. About five convex secon-
dary veins originating on Mspl and reaching posterior wing margin, alternating with
concave intercalaries. Postdiscoidal area distally widened (width near discoidal tri-
angle, 5.2 mm; width at posterior wing margin, 14.7 mm) with numerous rows of
cells (about ten rows near discoidal triangle). Hypertriangle very long and narrow
(length, 11.1 mm; max. width, 0.8 mm), and divided by numerous crossveins (at least
thirteen are visible); its costal margin is rather straight. Discoidal triangle transverse
and divided into numerous cells; length of its anterior side, 3.6 mm; of its basal side,
4.1 mm; of its distal side MADb, 6.1 mm; basal side sigmoidally curved, but distal side



24 STUTTGARTER BEITRAGE ZUR NATURKUNDE Ser. B, Nr. 270

MAD straight. Median space divided by several parallel crossveins (at least three);
submedian space traversed by numerous parallel crossveins, so that CuP-crossing
cannot be distinguished. Anal vein divided into a well-defined anterior secondary
branch PsA and an angled main branch AA, delimiting a large subdiscoidal triangle
that is divided into twenty-three cells. PsA ends on MP at basal angle of discoidal tri-
angle. MP and CuA basally parallel, but distally diverging. MP reaches posterior
wing margin on level of nodus. Posterior branches of CuA not preserved. Subdisco-
idal veinlet distinct (length, 0.3 mm). Max. width of cubito-anal area, 1.8 mm. Anal
area broad (max. width, 3.5 mm) with about five rows of cells between AA and pos-
terior wing margin; anal area with at least three well-defined, closed, and multicellu-
lar pseudo-anal loops basal of subdiscoidal triangle.

Hindwing: Length, about 68 mm; max. width near wing base, about 19.9 mm;
width at nodus, 18.3 mm; distance from base to arculus, 5.3 mm; distance from base
to nodus, 29.9 mm; from nodus to pterostigma, 23.3 mm; from pterostigma to apex,
10.6 mm. Nodus of Aeschnidiidae type and situated at about 44 % of wing length.
Pterostigma in a basal position, longer than in forewing (max. length, 4.6 mm; max.
width, 1.1 mm), and distinctly braced by a strong and very oblique brace vein that is
slightly displaced distally (not aligned with basal side of pterostigma); basal side of
pterostigma more oblique than distal side. Antenodal area near nodus sclerotized
(“accessory pterostigma” ?). Nodal veinlet and subnodal veinlet oblique. ScP appar-
ently prolonged through nodus by a long pseudo-ScP (length, 5.9 mm) in basal post-
nodal area. Numerous antenodal crossveins between costal margin and ScP, not
aligned with secondary antenodal crossveins between ScP and RA. Apparently only
one row of cells in complete antenodal area between costal margin and ScP and
between ScP and RA (very uncertain and dubious character state, because of rather
poor preservation of cross-venation). Ax1 aligned with arculus, and Ax2 not pre-
served. Arculus weakly defined and angled. RP and MA not fused at arculus, but
originating from one place on RA. First branching of RP (midfork) 9.2 mm basal of
subnodus, and origin of IR2 7.1 mm basal of subnodus. Base of RP2 aligned with
subnodus. Only one distal oblique vein ‘O’ visible, 9.4 mm distal of subnodus (basal
oblique vein not preserved). Rspl well-defined, long (length about 20.6 mm), and
parallel to IR2; Rspl not reaching posterior wing margin, but ending on IR2. Five or
six convex secondary veins originating on Rspl and reaching posterior wing margin,
alternating with concave intercalaries. RP2 and IR2 smoothly curved; area between
RP2 and IR2 distally gently widened. RP1 and RP2 divergent. Curved concave sec-
ondary vein (apical supplement) between RP1 and RP2, accompanied by a basal lon-
gitudinal convex intercalary (primary IR1 ?); pseudo-IR1 not preserved. Area
between RP3/4 and MA distally widened, but again narrowed near wing margin.
Mspl well-defined and very long (length, 23.6 mm); Mspl not reaching posterior
wing margin, but ending on MA. About six convex secondary veins originating on
Mspl and reaching posterior wing margin, alternating with concave intercalaries.
Postdiscoidal area distally widened (width near discoidal triangle, 6.0 mm; width at
posterior wing margin, 14.7 mm). Hypertriangle very long and narrow (length,
9.9 mm; max. width, 1.1 mm), and divided by sixteen crossveins; its costal margin is
rather straight. Discoidal triangle transverse and divided into sixteen cells, arranged
in two “vertical” rows; length of its anterior side, 2.7 mm; of its basal side, 5.0 mm;
of its distal side MAb, 6.4 mm; basal side sigmoidally curved, but distal side MAb
straight. Submedian space traversed by numerous parallel crossveins, so that CuP-
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crossing cannot be distinguished. Anal vein divided into a well-defined and hyper-
trophied anterior secondary branch PsA and an angled main branch AA, delimiting
a very large subdiscoidal triangle that is divided into numerous cells (the elongate
shape mentioned by NeL & MARrTINEZ-DELCLOS 1993, is based on an apparent fu-
sion of subdiscoidal triangle and a pseudo-anal loop, due to the zigzagged and weak
posterior side of subdiscoidal triangle). PsA ends on MP slightly basal of discoidal
triangle. MP and CuA basally parallel, but distally diverging. MP reaches posterior
wing margin slightly distal (!) of level of nodus. CuAa with only two well-defined
distal posterior branches; CuAb reduced to an “oblique crossvein” between CuA
and Aspl. Basal posterior branches of CuA suppressed, and original cubito-anal ar-
ea occupied by a concave secondary vein Aspll and its posterior branches, alternat-
ing with convex intercalary veins. Subdiscoidal veinlet distinct (length, 0.2 mm).
Anal area broad and fan-like with numerous posterior branches of AA, alternating
with concave intercalaries (Aspls) (anal area of right hindwing only partly preserved,
but well-preserved in left hindwing and figured by NeL & MarTiNEZ-
Dercros 1993: fig. 34). Anal loop completely absent, but at least two pseudo-anal
loop basal of subdiscoidal triangle (the posterior margin of subdiscoidal triangle is
zigzagged, so that one pseudo-anal loop next to subdiscoidal triangle seems to be
fused with it).

Paralectotype? specimen BSPGM without number (no. 18 ?)
(Figs 19-20): A complete but poorly preserved female Urogomphus specimen with-
out number, that is indicated to belong to coll. HAEBERLEIN, too. This specimen
probably represents the third paralectotype (no. 18) of HAGEN (1862). The apices of
the wings are hardly preserved, and only the main veins are visible.

Body: The body is poorly preserved, but the segmentation of the abdomen is still
visible and shows short segments. The head does not show any details. The abdomen
is about 58 mm long (without ovipositor), very broad (width, 7-8 mm), distally not
dilated. A long ovipositor is faintly visible, thus it is a female specimen (also indicat-
ed by the broad abdomen).

Forewing: Length, probably about 77.7 mm (estimated from distance of base to
nodus which is about 47 % of wing length in other specimens); distance from base
to arculus, 5.9 mm; from base to nodus, 36.5 mm; from nodus to pterostigma,
21.1 mm. Only the basal side of the pterostigma with the pterostigmal brace is pre-
served. Nodus of Aeschnidiidae type. Pterostigma in a basal position, and distinctly
braced by a strong and oblique brace vein that is slightly displaced distally (not
aligned with basal side of pterostigma). Nodal veinlet weakly oblique, but subnodal
veinlet more oblique. ScP apparently prolonged through nodus by a long pseudo-
ScP (length, 7.5 mm) in basal postnodal area. Two primary antenodal crossveins
aligned and distinctly stronger. Ax1 only 0.6 mm basal of arculus, and Ax2 8.8 mm
distal of Ax1, on level of basal side of discoidal triangle. Arculus weakly defined. RP
and MA not fused at arculus, but originating from one place on RA. First branching
of RP (midfork) 9.8 mm basal of subnodus, and origin of IR2 8.1 mm basal of sub-
nodus. Base of RP2 aligned with subnodus. Rspl well-defined, long (length ab-
out 18.8 mm), and parallel to IR2; Rspl not reaching posterior wing margin, but end-
ing on IR2. RP2 and IR2 smoothly curved. RP1 and RP2 strongly divergent. Curved
concave secondary vein (apical supplement) between RP1 and RP2, accompanied by
convex intercalaries. Primary IR1 indistinct. Area between RP3/4 and MA distally
widened. Mspl well-defined and very long (more than 22.5 mm). Postdiscoidal area
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Fig. 20. Urogomphus eximius, @ paralectotype BSPGM 18 2. Scale as indicated by rule.
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distally widened (width near discoidal triangle, 5.1 mm). Hypertriangle very long
and narrow; its costal margin is rather straight. Discoidal triangle transverse; length
of its anterior side, 3.9 mm; of its basal side, 5.1 mm; of its distal side MAb, 5.9 mm;
basal side sigmoidally curved, but distal side MAb straight. Anal vein divided into a
well-defined anterior secondary branch PsA and an angled main branch AA, delim-
iting a large subdiscoidal triangle. PsA ends on MP slightly below basal angle of dis-
coidal triangle. MP reaches up to level of nodus. Subdiscoidal veinlet distinct (length,
0.3 mm).

Hindwing: Length, probably about 74.4 mm (estimated from distance of base to
nodus which is about 44 % of wing length in other specimens); max. width near
wing base, 23.6 mm; width at nodus, 19.4 mm; distance from base to arculus,
5.9 mm; distance from base to nodus, 32.7 mm. Nodus of Aeschnidiidae type. Pte-
rostigma not preserved. Nodal veinlet weakly oblique, but subnodal veinlet more
oblique. ScP apparently prolonged through nodus by a long pseudo-ScP (length,
9.7 mm) in basal postnodal area. Two primary antenodal crossveins are aligned and
distinctly stronger. Ax1 aligned with arculus, and Ax2 9.6 mm distal of Ax1, on lev-
el of middle of discoidal triangle. Arculus weakly defined and angled. First branch-
ing of RP (midfork) 10 mm basal of subnodus, and origin of IR2 6.7 mm basal of
subnodus. Base of RP2 aligned with subnodus. Rspl well-defined, long, and parallel
to IR2. Several convex secondary veins originating on Rspl and reaching posterior
wing margin. Area between RP2 and IR2 distally gently widened. RP1 and RP2 di-
vergent. Area between RP3/4 and MA distally distinctly widened, but again nar-
rowed near wing margin. Mspl well-defined and long (length, 25.3 mm); Mspl not
reaching posterior wing margin, but ending on MA. Several convex secondary veins
originating on Mspl and reaching posterior wing margin. Postdiscoidal area distally
widened (width near discoidal triangle, 7.6 mm). Hypertriangle very long and nar-
row (length, 11.1 mm; max. width, 1.3 mm); its costal margin is rather straight. Dis-
coidal triangle transverse; length of its anterior side, 3.6 mm; of its basal side,
5.9 mm; of its distal side MADb, 6.9 mm; basal side sigmoidally curved, but distal side
MAD straight. Anal vein divided into a well-defined anterior secondary branch PsA
and an angled main branch AA, delimiting a very large subdiscoidal triangle. PsA
ends on MP at basal angle of discoidal triangle. MP and CuA distally diverging. Ba-
sal posterior branches of CuA suppressed, and original cubito-anal area occupied by
a concave secondary vein Aspll and its posterior branches, alternating with convex
intercalary veins. Subdiscoidal veinlet distinct (length, 0.3 mm). Max. width of cubi-
to-anal area (below discoidal triangle), 10.3 mm. Anal area broad (max. width,
17.0 mm) and fan-like with several posterior branches of AA, alternating with con-
cave intercalary veins. Anal loop completely absent, but one well-defined pseudo-
anal loop basal of subdiscoidal triangle. Neither distinct anal angle, nor anal triangle,
but anal margin makes rectangular bend near wing base. No membranule visible.

Specimen SMNS no. 63717 (Figs 21-22): The specimen is labelled «hinterer
Libellenfligel, Urogomphus?, Malm zeta, Untertithonium, Hybonotum Zone,
Eichstitt/Bayern, Solnhofener Plattenkalke, Slg. W. Ludwig 1992». An isolated
hindwing, of which the basal part is missing. The wing venation is poorly preserved,
only the main veins being visible.

Hindwing: Probable total length, about 70.5 mm; max. width, 20.5 mm; width at
nodus, 18.9 mm. Nodus of Aeschnidiidae type. Nodal veinlet and subnodal veinlet
only weakly oblique. ScP apparently prolonged through nodus by a long pseudo-
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Fig. 21.  Urogomphus eximius, SMNS 63717, left hindwing. Scale 10 mm.

Fig. 22. Urogomphus eximius, SMNS 63717, left hindwing. Scale as indicated by rule.

ScP (length, 7.0 mm) in basal postnodal area. Arculus weakly defined and angled.
First branching of RP (midfork) 11.3 mm basal of subnodus, and origin of IR2
8.2 mm basal of subnodus. Base of RP2 aligned with subnodus. Rspl well-defined.
RP1 and RP2 divergent. Curved concave secondary vein (apical supplement)
between RP1 and RP2. Hypertriangle long and narrow (length, 9.7 mm; max. width,
1.1 mm); its costal margin is rather straight. Discoidal triangle transverse; length of
its anterior side, 2.8 mm; of its basal side, 4.9 mm; of its distal side MAb, 6.0 mm; ba-
sal side sigmoidally curved, but distal side MAb straight. Anal vein divided into a
well-defined anterior secondary branch PsA and an angled main branch AA, delim-
iting a very large subdiscoidal triangle. PsA ends on MP at basal angle of discoidal
triangle. Basal posterior branches of CuA are suppressed, and original cubito-anal



BECHLY, REVISION OF UROGOMPHUS 29

area occupied by a concave secondary vein Aspll. Subdiscoidal veinlet distinct
(length, 0.3 mm). Max. width of cubito-anal area (below discoidal triangle), 9.6 mm.
Anal area broad. Anal loop completely absent, but at least one or two well-defined
pseudo-anal loops basal of subdiscoidal triangle.

Specimen SMNS no. 63718 (Figs 23-25): The specimen is labelled «Libelle,
Urogomphus giganteus, Malm zeta, Untertithonium, Hybonotum Zone, Langenalt-
heim, Solnhofener Plattenkalke, Slg. W. Ludwig 1992». Body and both hindwings of
a dragonfly. The forewings are missing, and the apex of the right hindwing is de-
stroyed. The main wing veins are well-preserved, but the cross-venation is hardly
visible.

Body: Head and thorax are poorly preserved, and there are no legs visible, but the
segmentation of the abdomen is still visible. Body length from head to end of abdo-
men, about 64 mm; width of abdomen, 5-6 mm; no ovipositor visible.

Hindwing: Length, 68.6 mm; max. width near wing base, 18.8 mm; width at no-
dus, 16.5 mm; distance from base to arculus, 5.6 mm; distance from base to nodus,
29.6 mm; from nodus to pterostigma, 22.6 mm; from pterostigma to apex, 13.3 mm.
Nodus of Aeschnidiidae type and situated at about 43 % of wing length. Pterostig-
ma in a rather basal position, short (max. length, 2.8 mm; max. width, 0.9 mm), and
distinctly braced by a strong and oblique brace vein that is aligned with its basal side
(not displaced distally!); basal side of pterostigma more oblique than distal side. No-
dal veinlet weakly oblique, but subnodal veinlet strongly oblique. ScP apparently
prolonged through nodus by a long pseudo-ScP (length, 7.7 mm) in basal postnodal
area. Two rows of cells in distal half of area between RA and RP1 basal and distal (!)
of pterostigmal brace vein. Two primary antenodal crossveins are aligned and dis-

Fig. 23.  Urogomphus eximius, SMNS 63718, left hindwing (ventral aspect). Scale 10 mm.

Fig. 24.  Urogomphus eximins, SMNS 63718, right hindwing pterostigma (ventral aspect).
Scale 5 mm.
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Fig. 25. Urogomphus eximins, SMNS 63718, right hindwing (ventral aspect). Scale as indi-
cated by rule.

tinctly stronger. Ax1 aligned with arculus, and Ax2 7.8 mm distal of Ax1, on level of
middle of discoidal triangle. Arculus weakly defined and angled. RP and MA not
fused at arculus, but originating from one place on RA. First branching of RP (mid-
fork) 8.9 mm basal of subnodus, and origin of IR2 7.1 mm basal of subnodus. Base
of RP2 aligned with subnodus. Two oblique veins ‘O’ visible, 6.6 mm and 9.8 mm
distal of subnodus. Rspl well-defined, very long (length about 20.8 mm), and parallel
to IR2; Rspl not reaching posterior wing margin, but ending on IR2. Several (at least
five) convex secondary veins originating on Rspl and reaching posterior wing mar-
gin. RP2 and IR2 smoothly curved; area between RP2 and IR2 distally gently wid-
ened, but again narrowed near wing margin. RP1 and RP2 strongly divergent.
Curved concave secondary vein (apical supplement) between RP1 and RP2. Primary
IR1 indistinct; pseudo-IR1 not preserved. Area between RP3/4 and MA distally
widened, but again strongly narrowed near wing margin. Mspl well-defined and
very long (length, 24.2 mm); Mspl not reaching posterior wing margin, but ending
on MA. Several convex secondary veins originating on Mspl and reaching posterior
wing margin. Postdiscoidal area distally widened (width near discoidal triangle,
5.4 mm; width at posterior wing margin, 15.3 mm). Hypertriangle very long and
narrow (length, 9.4 mm; max. width, 0.8 mm), and divided by numerous crossveins
(at least five are visible); its costal margin is rather straight. Discoidal triangle trans-
verse; length of its anterior side, 3.0 mm; of its basal side, 5.0 mm; of its distal side
MAD, 5.8 mm; basal side sigmoidally curved, but distal side MAD straight. Anal vein
divided into a well-defined anterior secondary branch PsA and an angled main
branch AA, delimiting a very large subdiscoidal triangle. PsA ends on MP slightly
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below basal angle of discoidal triangle. MP and CuA basally parallel with only one
row of cells between them, but distally diverging. MP reaches posterior wing margin
slightly basal of level of nodus. CuAa with two well-defined distal posterior branch-
es; CuAb reduced to an “oblique crossvein” between CuA and Aspl. Basal posteri-
or branches of CuA suppressed, and original cubito-anal area occupied by a concave
secondary vein Aspll and its posterior branches, alternating with convex intercalary
veins. Subdiscoidal veinlet distinct (length, 0.2 mm). Max. width of cubito-anal area
(below discoidal triangle), 8.8 mm. Anal area broad (max. width, 13.6 mm) and fan-
like with several posterior branches of AA, alternating with concave intercalary
veins. Anal loop completely absent, but at least one or two well-defined pseudo-anal
loops basal of subdiscoidal triangle. Neither distinct anal angle, nor anal triangle, but
anal margin makes rectangular bend near wing base. No membranule visible.

Specimen without number in coll. BEcHLy: Fragmentary hindwing of a
dragonfly labelled «Hinterer Libellenfliigel, Malm zeta, Eichstitt/Bayern». The
wing base is missing and the wing venation is poorly preserved, but it is clearly a
specimen of Urogomphus eximius (length of fragment, 60 mm).

Urogomphus nusplingensis n. sp.
Figs 26-31
1995 Urogomphus sp. — DieTL, Kaprrzke & RIETER, p. 120, pl. 6.
1995 Urogomphus. — DietL, Kaprrzke & RIETER, unnumbered text-fig. on p. 171 (above).
1995 “Libelle”. — DieTr, unnumbered text-fig. on p. 218 (above).
1996 Urogomphus giganteus [sensu SCHWEIGERT et al.]. — SCHWEIGERT, DIETL, KAPITZKE,
RieTErR & HUGGER, p. 6-9, figs 5-6, 7c.
1996 Urogomphus giganteus. — TISCHLINGER, p.294, fig. 12 (erroneously indicated as
SMNS Nr. 62744)

Holotype: Specimen no. SMNS 62602 in collection of the Staatl. Mus. f. Naturk., Stutt-
gart, Germany. This specimen was discovered during an excavation by SMNS in Septem-
ber 1994, and represents the first fossil insect discovered in the Jurassic of Swabia. It was
found and prepared by M. KApPrTzKE.

Type locality: Nusplingen quarry (property of Ges. Naturk. Wiirtt.), Westerberg/
Grofier Heuberg, “Gewann Taubenloch”, SW Swagian Alb, Baden-Wiirttemberg, Germany.

Type horizon: Upper Jurassic, Malm T (“oberer Weifljura”), Upper Kimmeridgian,
Beckeri-Zone, Ulmense-Subzone, Nusplingen Lithographic Limestone (layer “D” — 15 cm
from above).

Derivation of name: After the type locality Nusplingen.

Diagnosis. — This new species differs from U. giganteus by its smaller size, and
can be distinguished from U. giganteus and U. eximius by the following wing vena-
tional characters: Forewing with three rows of cells in the basal half of antenodal ar-
ea between costal margin and ScP (also between Ax1 and Ax2); Ax2 on level of ba-
sal side of discoidal triangle in hindwing (generally on level of middle of discoidal
triangle in the other two species); “accessory pterostigma” developed in front of no-
dus (autapomorphy); Rspl shorter than in all other species of Aeschnidiidae (aut-
apomorphy); concave and convex secondary veins between RP1 and RP2 less dis-
tinct.

Description

Holotype SMNS no. 62602 (Figs 26-31): A very well-preserved and nearly
complete dragonfly with all four wings in outstretched position. Only the end of the
abdomen is missing, and most legs are not visible (except the fore legs). The speci-
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Fig.26. Urogomphus nusplingensis n.sp., 9 holotype SMNS 62602, right wings.
Scale 10 mm.

Fig. 27. Urogomphus nusplingensis n. sp., ¢ holotype SMNS 62602, left forewing pterostig-
ma. Scale 5 mm.

— W

Fig. 28.  Urogomphus nusplingensis n. sp., ? holotype SMNS 62602, right forewing arculus.
Without scale.

Fig. 29. Urogomphus nusplingensis n. sp., 2 holotype SMNS 62602, abdominal segments.
Scale 5 mm.
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Fig. 30. Urogomphus nusplingensis n.sp., ? holotype SMNS 62602, right wings.
Scale 10 mm.

Fig. 31.  Urogomphus nusplingensis n. sp., ¢ holotype SMNS 62602. Scale 10 mm.
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men is organically preserved in ventral aspect, and even the tiny spines on the longi-
tudinal wing veins are visible, as well as the colour pattern of the wings. The anal ar-
ea and the basal costal area are dark coloured. Since this colour pattern is absolutely
symmetrical in both pairs of wings, it clearly is not an artifact of the fossilisation
process. The antenodal area near the nodus is sclerotized and dark, looking like a
second pterostigma. The wings are flattened without any trace of the original corru-
gation. The wing venation is dense with numerous cells, but not as dense as in most
other aeschnidiid genera (contra fig. 6 in SCHWEIGERT et al. 1996, which does not fea-
ture the wing venation correctly), e.g. Aeschnidium. Wing span of forewings,
156.7 mm. Even though the specimen is clearly preserved in ventral aspect, the wing
articulation is visible (impressed through the thorax). Since no genital organs are vis-
ible, and the male and female hindwings have the same shape in Aeschnidiidae (no
male anal angle and anal triangle, thus probably also no auricles), it cannot be clear-
ly recognized if it is a male or a female specimen. However, the secondary male gen-
ital apparatus should be visible on the referring abdominal segments, especially since
they are well-preserved in ventral aspect, and the very broad abdomen also suggests
that it is most likely a female specimen.

Body: The head is poorly preserved, but a median cleft of the labium seems to be
visible; max. width of head, 10.0 mm; the compound eyes are relatively small and
widely separated (but this separation is to be expected in a ventral aspect anyway).
The pterothorax is about 9 mm long, but does not show any details. Length of ab-
dominal segment I, 2.3 mm; of segment II, 5.4 mm; of segment I1I, 12.6 mm (!); of
segment IV, 6.1 mm; of segment V, 5.5 mm; of segment VI, 7.5 mm; of segment VII,
6.8 mm; of segment VIII, 5.0 mm; segment IX is only incompletely preserved and
segment X with the anal appendages is missing. The hind margins of the abdominal
segments and the antecostal sutures bear a row of denticles. The median longitudinal
“line” that is visible on the abdomen is not a dorsal carina, but the ventral cleft. Au-
ricles or secondary genital organs are not visible. The fore legs are folded close to the
head and only the tarsi are freely visible in front of the head (therefore misidentified
as “short antennae” by ScHWEIGERT et al. 1996). The middle and hind legs are not
visible.

Forewing: Length, 73.9 mm; width at nodus, 14.5 mm; distance from base to ar-
culus, 5.8 mm; from base to nodus, 34.8 mm; from nodus to pterostigma, 22.7 mm;
from pterostigma to apex, 13.6 mm. Nodus of Aeschnidiidae type and situated at
about 47 % of wing length. Pterostigma in a very basal position, short (max. length,
2.4 mm; max. width, 0.9 mm), covering four cells, and distinctly braced by a strong
and very oblique brace vein that is slightly displaced distally (not aligned with basal
side of pterostigma); basal side of pterostigma more strongly oblique than distal side;
pterostigma maybe traversed by one or two weak crossveins. Antenodal area near
nodus sclerotized and dark (“accessory pterostigma”). Nodal veinlet weakly
oblique, but subnodal veinlet strongly oblique. ScP apparently prolonged through
nodus by a long pseudo-ScP (length, 9.2 mm) in basal postnodal area. Thirty-one
postnodal crossveins visible between nodus and pterostigma (total number probably
about 33), not aligned with corresponding postsubnodal crossveins. Two rows of
cells in distal half of area between RA and RP1 basal of pterostigmal brace vein. Nu-
merous (about 50) antenodal crossveins between costal margin and ScP, not aligned
with secondary antenodal crossveins between ScP and RA. Three rows of cells in ba-
sal half of antenodal area between costal margin and ScP, but two rows of cells in dis-
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tal half of this area. Only one row of cells in antenodal area between ScP and RA (ex-
cept in basal area between Ax0 and Ax1). Two primary antenodal crossveins aligned
and distinctly stronger, with about ten or eleven cells between them. Ax1 only
0.6 mm basal of arculus, and Ax2 8.2 mm distal of Ax1, on level of basal side of dis-
coidal triangle. Basal brace AxO preserved, and several accessory antenodal cross-
veins between Ax0 and Ax1 (two rows of cells between costal margin and ScP, and
between ScP and RA). Antesubnodal area with numerous crossveins, but without
any gap of crossveins near arculus or nodus. Arculus weakly defined and angled. RP
and MA not fused at arculus, but originating from one place on RA. Nine bridge-
crossveins (Bgs) visible (total number probably ten). Numerous antefurcal cross-
veins between RP and MA basal of midfork. First branching of RP (midfork)
10.2 mm basal of subnodus, and origin of IR2 7.6 mm basal of subnodus. Base of
RP2 aligned with subnodus. Two oblique veins ‘O’, one cell (0.8 mm) and eight cells
(5.7 mm) distal of subnodus; second oblique vein more strongly oblique than basal
one. Rspl well-defined, but short (length about 9.7 mm), and parallel to IR2, with up
to four rows of cells between it and IR2; Rspl not reaching posterior wing margin,
but ending on IR2. Five convex secondary veins originating on Rspl and reaching
posterior wing margin. RP2 and IR2 smoothly curved; area between RP2 and IR2
distally gently widened with two to four rows of cells, but again narrowed near wing
margin. RP1 and RP2 strongly divergent. Primary IR1 indistinct; pseudo-IR1 very
short, originating on RP1 near wing apex, far distal of pterostigma. Area between
RP3/4 and MA distally widened with two to three rows of cells, but again narrowed
near wing margin. Mspl not preserved. Postdiscoidal area distally widened (width
near discoidal triangle, 5.2 mm; width at posterior wing margin, 14.6 mm) with nu-
merous rows of cells. Hypertriangle very long and narrow (length, 11.7 mm; max.
width, 1.1 mm), and divided by numerous crossveins (at least eleven are visible); its
costal margin is rather straight. Discoidal triangle transverse and divided into nu-
merous cells; length of its anterior side, 4.8 mm; of its basal side, 4.8 mm; of its dis-
tal side MAb, 6.9 mm; basal side sigmoidally curved, but distal side MAb straight.
Median space divided by several parallel crossveins (at least five); submedian space
traversed by numerous parallel crossveins (at least fourteen), so that CuP-crossing
cannot be distinguished. Anal vein divided into a well-defined anterior secondary
branch PsA and an angled main branch AA, delimiting a large subdiscoidal triangle
that is divided into numerous cells. PsA ends on MP at basal angle of discoidal trian-
gle. MP and CuA distally diverging, separated by two rows of cells (three or four
cells near wing margin). MP reaches posterior wing margin slightly basal of level of
nodus. CuA with about five well-defined distal posterior branches. Subdiscoidal
veinlet distinct (length, 0.3 mm). Max. width of cubito-anal area, 2.1 mm, with prob-
ably up to five or six rows of cells. Anal area broad (max. width, 3.2 mm) with about
four or five rows of cells between AA and posterior wing margin; anal area with four
well-defined, closed, and multicellular pseudo-anal loops basal of subdiscoidal trian-
gle. No membranule visible.

Hindwing: Length, 75.1 mm; max. width near wing base, 20.5 mm; width at no-
dus, 17.6 mm; distance from base to arculus, 5.8 mm; distance from base to nodus,
33.9 mm; from nodus to pterostigma, 24.2 mm; from pterostigma to apex, 12.7 mm.
Nodus of Aeschnidiidae type and situated at about 45 % of wing length. Pterostig-
ma in a very basal position, short but longer than in forewing (max. length, 3.2 mm;
max. width, 0.9 mm), probably covering four cells, and distinctly braced by a strong
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and very oblique brace vein that is slightly displaced distally (not aligned with basal
side of pterostigma); basal side of pterostigma more oblique than distal side. Ante-
nodal area near nodus sclerotized and dark (“accessory pterostigma”). Nodal veinlet
weakly oblique, but subnodal veinlet strongly oblique. ScP apparently prolonged
through nodus by a long pseudo-ScP (length, 7.8 mm) in basal postnodal area. Nu-
merous postnodal crossveins between nodus and pterostigma, not aligned with cor-
responding postsubnodal crossveins. Two rows of cells in distal half of area between
RA and RP1 basal of pterostigmal brace vein. Numerous (about 40) antenodal cross-
veins between costal margin and ScP, not aligned with secondary antenodal cross-
veins between ScP and RA. Two rows of cells in complete antenodal area between
costal margin and ScP, but only one row of cells in antenodal area between ScP and
RA. Two primary antenodal crossveins are aligned and distinctly stronger, with
about eleven or twelve cells between them. Ax1 aligned with arculus, and Ax2
8.0 mm distal of Ax1, on level of basal side of discoidal triangle. Basal brace Ax0 pre-
served, and several accessory antenodal crossveins between Ax0 and Ax1. Antesub-
nodal area with numerous crossveins, but without any gap of crossveins near arcu-
lus or nodus. Arculus weakly defined and angled. RP and MA not fused at arculus,
but originating from one place on RA. Two bridge-crossveins (Bqs) visible (total
number certainly much higher). Numerous antefurcal crossveins between RP and
MA basal of midfork. First branching of RP (midfork) 10.3 mm basal of subnodus,
and origin of IR2 7.6 mm basal of subnodus. Base of RP2 aligned with subnodus.
Only one oblique vein ‘O’ visible, two cells (1.7 mm) distal of subnodus; second
oblique vein more strongly oblique than basal one. Rspl well-defined, short (length
about 11.5 mm), and parallel to IR2, with three rows of cells between it and IR2;
Rspl not reaching posterior wing margin, but ending on IR2. Five convex secondary
veins originating on Rspl and reaching posterior wing margin. RP2 and IR2 smooth-
ly curved; area between RP2 and IR2 distally gently widened with two to three rows
of cells, but again narrowed near wing margin. RP1 and RP2 strongly divergent. Pri-
mary IR1 indistinct; pseudo-IR1 very short, originating on RP1 near wing apex, far
distal of pterostigma. Area between RP3/4 and MA distally widened with two to
four rows of cells, but again narrowed near wing margin. Mspl short but well-de-
fined with up to four or five rows of cells between it and MA. At least three convex
secondary veins originating on Mspl and reaching posterior wing margin. Postdis-
coidal area distally widened (width near discoidal triangle, 6.0 mm; width at posteri-
or wing margin, 16.0 mm) with numerous rows of cells. Hypertriangle very long and
narrow (length, 10.8 mm; max. width, 1.2 mm), and divided by numerous crossveins
(at least four are visible); its costal margin is rather straight. Discoidal triangle trans-
verse and divided into sixteen cells, arranged in two “vertical” rows; length of its an-
terior side, 4.0 mm; of its basal side, 5.3 mm; of its distal side MADb, 7.0 mm; basal
side curved, but distal side MAb straight. Median space divided by several parallel
crossveins (at least two are visible); submedian space traversed by numerous parallel
crossveins (at least seven are visible), so that CuP-crossing cannot be distinguished.
Anal vein divided into a well-defined anterior secondary branch PsA and an angled
main branch AA, delimiting a very large subdiscoidal triangle that is divided into nu-
merous cells (the apparently very elongate shape is caused by an apparent fusion of
subdiscoidal triangle with a pseudo-anal loop, due to the zigzagged and weak poste-
rior side of subdiscoidal triangle). PsA ends on MP slightly basal of discoidal trian-
gle. MP and CuA basally parallel with only one row of cells between them, but dis-
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tally diverging, being separated by seven small cells along wing margin. MP reaches
posterior wing margin slightly basal of level of nodus. CuAa with three well-defined
distal posterior branches; CuAb reduced to an “oblique crossvein” between CuA
and Aspl. Basal posterior branches of CuA suppressed, and original cubito-anal ar-
ea occupied by a concave secondary vein Aspll and its posterior branches, alternat-
ing with convex intercalary veins. Subdiscoidal veinlet distinct (length, 0.3 mm).
Max. width of cubito-anal area (below discoidal triangle), 8.6 mm, with up to twelve
rows of cells. Anal area broad (max. width, 14.5 mm) with numerous rows of cells
between AA and posterior wing margin; anal area fan-like with several (about six)
posterior branches of AA, alternating with concave intercalary veins. Anal loop
completely absent, but at least one well-defined pseudo-anal loop basal of subdisco-
idal triangle (plus the pseudo-anal loop that is probably fused with subdiscoidal tri-
angle). Neither distinct anal angle, nor anal triangle, but anal margin makes rectan-
gular bend near wing base. No membranule visible.

Discussion: Since this species has all autapomorphies of Aeschnidiidae, and all
autapomorphies and diagnostic symplesiomorphies of Urogomphus, its attribution
to this genus can be regarded as certain. The similar derived pattern of subdiscoidal
triangle and pseudo-anal loops in the hindwing, and further derived similarities (“ac-
cessory pterostigma” at nodus ?), as well as the similar size, might suggest a sister-
group relationship of U. nusplingensis n. sp. and U. eximius. But this hypothesis is
only supported by relatively weak evidence. On the other hand, the presence of
more than two rows of cells between ScP and costal margin in the antenodal area of
the forewings represents a rather unique and highly derived similarity (strong puta-
tive synapomorphy) with U. giganteus.

Genus Bergeriaeschnidia NeL, BEcHLY & MARTINEZ-DELCLOS, 1996

Type s Fecies: Bergeriaeschnidia inexpectata NEL, BECHLY & MARTINEZ-DELCLOS, 1996,
by original designation.

Bergeriaeschnidia abscissa (HAGEN, 1862) comb. nov.
Figs 32-33

#1862 (Libellula) abscissa. — HAGEN, p. 107.

1906 ? Urogomphus abscissus HAGEN. — HANDLIRSCH, p. 595.

1932 Urogomphus abscissus (HAGEN). — CARPENTER, pp. 107-108.

1982 Urogomphus abscissus (HAGEN, 1862). — SCHLUTER & HARTUNG, p. 301.

1993 Urogomphus abscissus (Hacen, 1862) (HanpLirscH, 1906-1908). — NeL &
MARTINEZ-DELCLOS, p. 56 (placed in Aeschnidiidae? incertae sedis stat. nov.).

1996 Urogomphus abscissus (HAGEN, 1862). — NEL, BECHLY & MARTINEZ-DELCLOS, p. 178.

1996 Bergeriaeschnidia inexpectata (HAGEN, 1862). — NEL, BEcHLY & MARTINEZ-
DELCLOS, p. 178 (new synonymy, as junior objective synonym).

Neotype: The holotype must be regarded as lost, since I could neither find it at BSPGM
(Munich) where the specimen should be, nor among HAGEN’s specimens at SMF (Frankfurt),
nor in coll. HAGeN at MCZ (Cambridge/Mass.). For the reasons discussed below, I here
designate specimen no. 6 in coll. Museum BerGER (Eichstitt) as neotype (Fig. 32). This speci-
men also is the holotype of Bergeriaeschnidia inexpectata. A cast is at MNHN (Paris).

Type locality: Solnhofen, southern Frankonian Alb, Bavaria, Germany.

Type horizon: Upper Jurassic, Malm C 2b (“oberer Weifjura”), Lower Tithonian, Hy-
bonotum-Zone, Solnholin Lithographic Limestone.

Further material: Specimen in coll. Leicu of the Fossilium (Bochum), figured in
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FRICKHINGER (1994: fig. 245). A third specimen with a wing span of 110 mm is located in the
private coll. BURGER (Bad Hersfeld); it is a female with ovipositor and well-preserved head
(Fig. 33).

Diagnosis and description. — See NEL, BEcHLY & MARTINEZ-DELCLOS
(1996).

Discussion: According to the brief original description of HaGen (1862), U.
abscissus has a wing span of about 110 mm. HanDLIRsCH (1906) added that it is cer-
tainly an Aeschnidiidae and that the wing length is about 60 mm, but that the attri-
bution to the genus Urogomphus is questionable. Since the wings of Aeschnidiidae
have numerous unique diagnostic features, it can be regarded as highly probable that
Handlirsch’s attribution, which was obviously based on a re-examination of the type
specimen, is correct. Except U. abscissus there are five species of Aeschnidiidae
known from the Solnhofen Limestone. Aeschnidium densum has a forewing length
of about 40-45 mm; Malmaeschnidium mayer: has a forewing length of 68 mm;
Urogomphus eximins (= Lithoaeschnidium wviohli) has a forewing length of
68—78 mm; and Urogomphus giganteus has a forewing length of about 93 mm. Since
the wing span of Malmaeschnidium mayeri is about 140 mm (instead of 110 mm),
the statement by NEL & MarTINEZ-DELCLOS (1993: 62), that these two taxa shall be
of similar size and might be conspecific, has to be regarded as dubious. The only
known aeschnidiid genus from this locality that indeed has a compatible wing length
is Bergeriaeschnidia inexpectata. With a forewing length of 56 mm the holotype ex-
actly corresponds to the stated wing span in the original description of U. abscissus.

Fig. 32. Bergeriaeschnidia abscissa comb. nov., @ neotype Mus. BERGER no. 6. Scale 10 mm
(photo by X. MARTINEZ-DELCLOS).
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Fig. 33. Bergeriaeschnidia abscissa comb. nov., ¢ coll. BURGER without no. Scale unknown
(photo by K.A. FRICKHINGER).

Most likely these two taxa are indeed conspecific. Since the holotype of U. abscissus
is lost, and the original description is consistent with such a decision (Art. 75 IRZN),
I here designate the holotype of Bergeriaeschnidia inexpectata as neotype of U. ab-
scissus, to prohibit future taxonomic confusion. According to this revision of the ge-
nus Urogomphus and the original description of Bergeriaeschnidia, there can be no
doubt that these two genera are distinct and justified. They are not even closely re-
lated within Aeschnidiidae, since Urogomphus has several plesiomorphies that are
absent in Bergeriaeschnidia and some other aeschnidiid genera (e.g. broader discoid-
al triangles and a less dense cross-venation). Consequently, the valid name for Uro-
gomphus abscissus is Bergeriaeschnidia abscissa comb. nov.

4. Phylogenetic position of Aeschnidiidae

Until recently, the aeschnidiids have been classified as a subfamily of Cordulegas-
tridae. This classification was suggested by Fraser (1957), but was only based on the
similar elongated ovipositor (clearly a convergence). CARPENTER (1992) also regard-
ed Aeschnidiidae as closely related to Cordulegastridae.

CarRLE & WiGHTON (1990) suggested a separate superfamily Aeschnidioidea,
which they regarded to be the sistergroup of extant Anisoptera. However, their con-
clusion was mainly based on invalid arguments, since they incorrectly regarded the
weakly developed arculus, nodus, and pterostigmata as plesiomorphies of Aeschni-
diidae with “protodonates”. BEcHLY (1996, 1997) demonstrated that this conclusion
is not tenable, since it would imply numerous convergent developments of these
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complex structures in the stemgroup of Odonata, in Zygoptera, in Epiophlebiidae,
and in several groups of fossil “anisozygopteres”.

NEL & MARTINEZ-DELCLOS (1993) made a preliminary numerical cladistic analy-
sis of Anisoptera, which could not convincingly resolve the position of Aeschnidi-
idae. TRUEMAN (1996) also made a numerical cladistic analysis, in which Aeschnidi-
idae (represented by Wightonia) were resolved within crowngroup Anisoptera (be-
tween Petaluridae and the remaining Anisoptera). LoHMANN (1996) attributed
Aeschnidiidae to the stemgroup of Anisoptera, but did not mention any arguments.

BEcHLY (1996, 1997) recently demonstrated several flaws in these previous phylo-
genetic analyses, which were mostly based on incorrectly polarised and homolo-
gised characters without appropriate character weighting. Based on a thorough phy-
logenetic systematic analysis of many characters, BEcHLY (1996) suggested a sister-
group relationship of Liassogomphidae and Aeschnidiidae (= Aeschnidioptera
BecHLy, 1996) with crowngroup Anisoptera. BEcHLy (1997) slightly modified this
hypothesis, and placed Aeschnidiidae closer to crowngroup Anisoptera than Liasso-
gomphidae. This position is also confirmed by this study.

Synapomorphies of Liassogomphidae, Aeschnidiidae and crowngroup Anisopte-
ra (autapomorphies of Pananisoptera BEcHLY, 1996): Sharp Z-like kink of [M + Cu]
at the basal side of the discoidal triangle in both wings; the origin of the RP1/2 on the
RP is of the secondary type of junction (no equal bifurcation but a suture), at least
on the dorsal surface of the hindwings; primary IR1 shortened and less straight and
distinct in both pairs of wings (reversed in Petalurida and Austropetaliida); short
convex secondary vein pseudo-IR1 developed that is originating as apparent branch
on RP1 near the distal end of the pterostigma (fused with the vestigial primary IR1
in many recent Anisoptera of different families); the cubito-anal area of the hind-
wings is further expanded; distinct pseudo-anal vein PsA delimits a subdiscoidal tri-
angle in both wings (in the groundplan); male hindwings with the anal triangle nar-
rowed (transverse elongate in contrary to Heterophlebioptera); presence of a secon-
dary posterior branch AA1b of the anal vein between the distal side of the anal
triangle (AA2b) and CuAb; RP2 strictly aligned with subnodus; the adult insects are
resting with the wings strictly horizontally outstretched (except the two highly de-
rived extant libelluloid genera Cordulephya and Zenithoptera).

Synapomorphies of Aeschnidiidae and crowngroup Anisoptera (autapomorphies
of Neoanisoptera taxon nov.; plesiomorphic absent in Liassogomphidae): Discoidal
triangles are strictly triangular in both wings, since the triangular vein which divides
the discoidal cell into triangle and hypertriangle ends precisely at the distal angle of
the triangle (convergent to Stenophlebiidae; reversed in a few derived species of ex-
tant gomphids, cordulephyids and libellulids); well-defined pseudo-anal vein PsA
delimits a subdiscoidal triangle in both wings (in the groundplan); presence of a sec-
ond accessory oblique vein ‘O’ between RP2 and IR2 distal of the lestine oblique
vein (convergent to Selenothemis, Oreophlebia, and Xanthohypsa; suppressed in
most extant Anisoptera).

Synapomorphies of all crowngroup Anisoptera (plesiomorphic absent in Liasso-
gomphidae and Aeschnidiidae): Hindwings with a well-defined anal loop (divided
into four or five cells in the groundplan) that is posteriorly closed and basally limit-
ed by a secondary branch of AA (AA1b) and distally by CuAb; pterostigmata more
strongly elongated in the groundplan (very homoplastic character); hindwing base
with distinct membranule, derived from the articular membrane and axillary cord
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(more probably a symplesiomorphy, since a distinct membranule is at least known
from some Isophlebioptera, too); male second abdominal segment with a pair of lat-
eral swellings of the antecostal suture (auricles) (reduced in all those Anisoptera that
have also reduced the anal angle and anal triangle, e.g. Anacina and Libellulidae; thus
maybe a symplesiomorphy, since auricles could well be secondary absent in Aesch-
nidiidae due to the same reason).

Aeschnidiidae belong to those odonate taxa with the most numerous autapomor-
phies, especially in the wing venation. Putative autapomorphies of Aeschnidiidae in-
clude: Discoidal triangles strongly transverse in both pairs of wings, and widely sep-
arated from arculus; hypertriangles very long and narrow; PsA and subdiscoidal tri-
angles hypertrophied in both wings; both pairs of wings with a characteristic row of
several (!) very distinct pseudo-anal loops beneath the anal vein that are limited by
forward slanting secondary branches of AA (one such loop is also present in the fo-
rewing of some Stenophlebiidae and in Liassogomphidae, and might therefore rep-
resent a symplesiomorphy); basal accessory antenodals present between Ax0 and
Axl1; arculus very close to Ax1 or even aligned with it; Ax2 basal of discoidal trian-
gle; arculus weakly defined (reduction); nodal furrow strongly reduced (convergent
to Epiophlebiidae and Stenophlebiidae); pseudo-ScP developed in the postnodal ar-
ea; primary IR1 suppressed; areas between RP2 and IR2, and between RP3/4 and
MA, distally widened, but again narrowed near wing margin; hindwing CuAa with
max. three distal posterior branches; CuAb is reduced to an “oblique crossvein”
between CuA and Aspl (NEL & MARTINEZ-DELCLOS 1993); most of the original cu-
bito-anal area is occupied by a concave secondary vein Aspll with numerous parallel
posterior branches, alternating with convex intercalary veins (area of CuA strongly
reduced); well-defined Rspl and Mspl present in both pairs of wings (convergent to
Aeshnoptera and some Eurypalpida); hindwing AA with more than four parallel
posterior branches, alternating with concave intercalary veins (anal supplements
Aspl), thus anal area distinctly fan-like; anal margin of male hindwing of same shape
as in female hindwing, without any anal angle or anal triangle (reversal); pterostig-
mata shifted basally (convergent to Isophlebiidae and Anacina) and more or less re-
duced (shortened and traversed by crossveins); very dense wing venation with nu-
merous cells (convergent to Aktassiidae), and all wing spaces (e.g. median space,
submedian space, discoidal triangle, and hypertriangle, etc.) traversed by numerous
crossveins; wings totally or partly dark coloured; hindwings hardly shorter, or even
slightly longer than forewings; abdomen distinctly shorter than wing length; female
ovipositor hypertrophied; larval paraprocts (not the cerci!) strongly hypertrophied
and forcep-like (BEcHLY 1998, BECHLY et al. 1998, FLECK et al. in prep.).

The abdomen of Urogomphus and the other Aeschnidiidae is very short and stout,
and especially the female abdomen is very broad. This structure of the abdomen
seems to be a mixture of “primitive” (plesiomorphic) and derived (apomorphic)
character states. Since nearly all other odonates have an abdomen that is much long-
er, compared to the wing length, this shortening must be regarded as an autapomor-
phy of Aeschnidiidae. On the other hand, the very broad female abdomen is also
present in Isophlebiidae (basal stemgroup representatives of Anisoptera) and Petalu-
rida (most basal representative of crowngroup of Anisoptera) and therefore rather
seems to be a symplesiomorphy of these taxa.
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5. The ovipositor of Aeschnidiidae

A very long ovipositor is meanwhile known from the basal genus Urogomphus (=
Lithoaeschnidium), as well as the more derived genera Aeschnidium, Malmaeschnid-
ium, Bergeriaeschnidia, and Wightonia (NEL & MARTINEZ-DELCLOS 1993; BECH-
Ly 1998), and therefore has to be regarded as a derived groundplan character (aut-
apomorphy) of Aeschnidiidae. NeL & MarTiNEZ-DELCLOS (1993: 83-84) regarded
this ovipositor as a pseudo-ovipositor, similar but convergent to that of Cordulegas-
tridae, i.e. mainly formed by the hypertrophied valvulae 1 (= gonapophyses VIII),
while the valvulae 2 (= gonapophyses IX) are much shorter, and valvulae 3 (gono-
coxa IX with gonostylus) are even completely reduced. I regard the referring speci-
mens as too poorly preserved to be really certain about the detailed structure of the
ovipositor, even though it is reasonable to assume that the left and right valvula 3,
which together serve as a kind of ovipositor-sheath in Anisoptera, would not be use-
ful for an ovipositor with extremely elongated gonapophyses. It can only be stated
that Aeschnidiidae had an ovipositor with one or two pairs of very long gonapophy-
ses, and that valvula 3 (if still present at all) did not extend the abdomen. Contrary to
Fraser (1957), I suggest to restrict the term “pseudo-ovipositor” to an ovipositor-
like structure that is not formed by the gonapophyses (valvulae 1 and 2), but by a
secondary outgrowth of the female vulvar scale, as in the extant libellulid genus Ura-
cis for example.

The very long ovipositor of Aeschnidiidae was certainly not suited for endophyt-
ic oviposition in plant tissues. On the other hand, all extant dragonflies with an exo-
phytic oviposition in open water (gomphids and libelluloids) do have a strongly re-
duced ovipositor. Only Cordulegastridae have a similar ovipositor which is adapted
to endosubstratic oviposition. Therefore, I presume that Aeschnidiidae, as well as
Tarsophlebiidae and Steleopteridae, did have a similar mode of oviposition in soft
substrates, like mud.

It is remarkable, that among the fossil insects known from Solnhofen Limestone
there are three unrelated subgroups of Odonata with such a very long ovipositor:
Tarsophlebiidae (according to BEcHLy 1996 the sistergroup of crowngroup Odona-
ta), Steleopteridae (either a basal calopterygoid Zygoptera, or an epiophlebioid “An-
isozygoptera”), and Aeschnidiidae (“advanced” stemgroup representative of An-
isoptera). A recent re-preparation of the holotype of the Carboniferous dragonfly
Erasipteroides valentini revealed a very long ovipositor, too (BECHLY, BRAUCKMANN
& ZEssIN, in prep.). These facts seem to indicate that the elongated ovipositor be-
longs to the groundplan of Odonata and therefore represents a symplesiomorphy of
the mentioned taxa. However, the ovipositor of extant Zygoptera, Epiophlebiidae,
and basal Anisoptera is very similar, and completely corresponds to the type of ovi-
positor in the groundplan of Pterygota (thus not prolonged). KukarovA-Peck
(1991) also reported this normal type of ovipositor for undescribed specimens of
Meganisoptera (“protodonates”). Therefore, I preliminarily regard the elongated
ovipositor of Tarsophlebiidae (NEL et al. 1993), Steleopteridae (NEL, BEcHLY &
MARTINEZ-DELCLOS in prep.), and Aeschnidiidae as a triple convergence, due to ad-
aptation to a particular (though unknown) palaeo-habitat.
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Zentimeter |1

Fig. 34.  Aeschnidium densum, SMNS 62661, plate. Scale as indicated by rule.

6. Possible explanation for the extinction of Aeschnidiidae

The Aeschnidiidae have been one of the most diverse subgroups of odonates in
the Upper Jurassic and Lower Cretaceous, with about 25 known species (incl. a few
yet unnamed species). Aeschnidiidae had a world-wide distribution, since they are
recorded from all continents except North America. However, this group is extinct
now, and there are no known records from the Upper Cretaceous or Tertiary either.
NEL & MARTINEZ-DELCLOS (1993: 97) regarded the reasons for the disappearance of
Aeschnidiidae as particularly mysterious. What might have been the “mysterious”
reasons for the decline of this, once flourishing group, in the late Mesozoic? I believe
that their decline and extinction was directly caused by the evolution of modern
(crowngroup) birds in the Upper Cretaceous. At least it is evident that the last
known Aeschnidiidae existed in the Lower Cretaceous, while the first crowngroup
representatives of birds appeared in the Upper Cretaceous. Of course this correla-
tion alone would not be sufficient evidence.

Fortunately there is further evidence from the morphology of aeschnidiid wings.
These wings show reductions of several structures that are directly related with a
powerful flapping flight, such as the pterostigma, the nodus, and the arculus (BEch-
Ly 1996). Furthermore, the wings show typical adaptations for gliding, such as the
strongly expanded anal area and the very transverse discoidal triangles. The latter are
known to support the generation of camber (Woorron 1991), which is a property
that is more useful for gliding than for flapping flight. Thus, it seems well reasonable
to assume that Aeschnidiidae were highly adapted for gliding, but have been rela-
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tively slow and clumsy in active flight. This over-specialization made these animals
to an easy prey for larger aerial predators. They were obviously swift enough to es-
cape the few insectivorous pterosaur species, but probably not swift enough to es-
cape the numerous insectivorous modern birds. This hypothesis is even strength-
ened by the circumstance that most aeschnidiids have been rather large insects (wing
span 60-200 mm, most species with a wing span of more than 100 mm). BEcHLY
(1995, 1996), furthermore, predicted that the wings of Aeschnidiidae have been
coloured, because extant odonates with a comparably dense wing venation mostly
have dark coloured wings (e.g. Calopteryx or Neurothemis). This speculation is now
definitely confirmed, since the new Urogomphus species from Nusplingen has a dis-
tinct colour pattern preserved (see above), while the Aeschnidium densum specimen
from Nusplingen (Fig. 34) proves that the wings of this species have been entirely
coloured (an artifact is unlikely since the Cymatophlebia specimen from the same lo-
cality does not have dark wings, while the Urogomphus specimen shows a symmet-
rical colour pattern in both pairs of wings). Preserved colour pattern is also known
from Lleidoaeschnidium wvalloryi (five brown bands) (very well visible in TiscH-
LINGER 1996: fig. 13), Nannoaeschnidium pumilio (partly coloured wings) and
Gigantoaeschnidium ibericum (totally dark coloured wings), even though NeL &
MARTINEZ-DELCLOS (1993) still considered the possibility that in the latter species
the coloration might also be secondary, due to the fossilization process.

To sum up: Aeschnidiidae were generally large insects, with conspicuously
coloured wings, and highly adapted for gliding flight. Such insects have been the per-
fect candidates to become exterminated by swift insectivorous birds. The same
might have happened to most “anisozygopteres” that only survived the Mesozoic
with two extant relic species of the genus Epiophlebia. Only two lineages of Odon-
ata could prosper after the evolution of modern birds: The Zygoptera that are adapt-
ed for slow manoeuvring flight between dense vegetation (hide-and-seek strategy),
and crowngroup Anisoptera that are adapted to very fast flight, correlated with a
much improved vision (watch-and-escape strategy). Extant Libellulidae are very
good gliders, too, but did not reduce their flapping flight capabilities at all (no reduc-
tions of pterostigma, nodus, or arculus).

It is quite probable that predation by aerial vertebrates also exterminated the giant
pterygote insects of the Palaeozoic. These large flying insects (Palacodictyoptera,
Odonatoptera — “Protodonata”, and Ephemeroptera) are only known from the Car-
boniferous and Permian, when actively flying vertebrates were completely absent.
Under these circumstances insects could grow to the maximum size that was physi-
cally possible (constraint), in a co-evolution of phytophagous prey insects (e.g. Pa-
laeodictyoptera) and insectivorous predatorial insects (“protodonates”). With the
rise of pterosaurs in the Triassic all those giant pterygotes disappeared and never re-
appeared.

7. Acknowledgements

I am most grateful to Dr G. DieTL and Dr G. ScuwEIGERT (SMNS, Stuttgart), Dr G. VioHL
(JME, Eichstitt), Dr H. Mayr (BSPGM, Munich), Dr G. PLopbowski (SME, Frankfurt), Dr E.
PieTrzENTUK (MNHB, Berlin), Mr H. Leich (Fossilium, Bochum), and Dr P. Perkins (MCZ,
Cambridge) for their friendly support of my studies at the referring museum collections. I al-
so thank Mr D. Kumrer (Wuppertal) for the permission to study the material in his private



BECHLY, REVISION OF UROGOMPHUS 45

collections. I thank Mr K. A. FrickHINGER (Emmering) for the friendly permission to use two
of his photos for this publication, Prof. X. MarTiNEZ-DELCLOS (Univ. Barcelona) for a pho-
to of the holotype of Bergeriaeschnidia inexpectata, and Dr A. NeL (MNHN, Paris), MSc G.
Freck (MNHN, Paris), and Dr E. WeBER (Univ. Tiibingen) for inspiring discussions. Finally
my thanks are due to Dr G. BLoos (SMNS, Stuttgart) for his careful proof-reading of this
manuscript.

This publication is part of my PhD thesis on the phylogeny of dragonflies at the Eberhard-
Karls-University in Tiibingen, and was supported from 1996-1998 %;y the “Graduiertenfor-
derung” (LGraFoG) of the State Baden-Wiirttemberg (Germany).

8. References

Bechry, G. (1995): Morphologische Untersuchungen am Fliigelgeader der rezenten Libellen
und deren Stammgruppenvertreter (Insecta; Pterygota; Odonata), unter besonderer
Berticksichtigung der Pﬁylogenetischen Systematik und des Grundplanes der *Odona-
ta. — Petalura, spec. vol. 1: 1-341; Boblingen.

- (1996): Morphologische Untersuchungen am Fliigelgedder der rezenten Libellen und
deren Stammgruppenvertreter (Insecta; Pterygota; Odonata), unter besonderer
Berticksichtigung der Phylogenetischen Systematik und des Grundplanes der *Odona-
ta. — Petalura, spec. vol. 2: 1-402; Boblingen.

- (1997): Phylogenetic Systematics of Odonata. — Website on the Internet (URL:
http://members.aol.com/odonatadat/phylogeny/bechly.htm).

- (1998): New fossil dragonflies from the Lower Cretaceous Crato Formation of north-
east Brazil (Insecta: Odonata). - Stuttgarter Beitr. Naturk., B, 264: 66 pp., 39figs; Stutt-
gart.

BecHry, G., NEL, A., MArTINEZ-DELCLOS, X. & FLECK, G. (1998): Four new dragonfly spe-
cies from the Upper Jurassic of Germany and the Lower Cretaceous of Mongolia (Ani-
soptera: Hemeroscopidae, Sonidae, and Proterogomphidae fam. nov.). - Odonatologi-
ca, 27/2: 149-187; Bilthoven.

BecHLy, G., BRauckMmaNN, C. & Zessin, W. (in prep.): Neue Erkenntnisse zur Morphologie
der dltesten Libellen (Insecta: Odonatoptera) aus dem Namurium von Hagen-Vorhalle
(Deutschland).

Borucki, H. (1996): Evolution und Phylogenetisches System der Chilopoda (Mandibulata,
Tracheata). — Verh. naturwiss. Ver. Hamburg, N.E. 35: 95-226; Hamburg.

CarLE, EL. (1995): Evolution, taxonomy, and biogeography of ancient Gondwanian Libellu-
loids, with comments on anisopterid evolution and phylogenetic systematics (Aniso-
ptera: Libelluloidea). — Odonatologica, 24/4: 383—-424; Bilthoven.

CarLE, EL. & WicHToN, D.C. (1990): Odonata. — In: GrimaLpy, D.A. (Ed.): Insects from
the Santana Formation, Lower Cretaceous, of Brazil. — Bull. Amer. Mus. nat. Hist., 195:
51-68; New York.

CARPENTER, F.M. (1932): Jurassic insects from Solenhofen in the Carnegie Museum and the
Museum of Comparative Zoology. — Ann. Carn. Mus., 21: 97-129; Pittsburgh.

- (1992): Superclass Hexapoda. — In: Moore, R.C. & KAEsLER, R.L. (Eds): Treatise on
Invertebrate Paleontology. (R), Arthropoda 4, 3—4. xxii + 655 pp.; Boulder & Lawrence
(Geological Society of America & University of Kansas).

COWLEY, J. (1934): The types of some genera of Odonata. — The Entomologist, 67: 249-253;
London.

DEICHMULLER, ].V. (1886): Die Insecten aus dem lithographischen Schiefer im Dresdener Mu-
seum. — Mitt. k. min.- geol. praehist. Mus. Dresden, 37: i-x, 1-84, pls 1-5; Cassel.

DE QuEIrOz, K. & GAUTHIER, J. (1990): Phylogeny as a central principle in taxonomy: Phy-
logenetic definitions of taxon names. — Syst. Zool., 39/4: 307-322; Washington.

- (1992): Phylogenetic taxonomy. — Annu. Rev. Ecol. Syst., 23: 449-480; Palo Alto.

DietL, G. (1995): Der Plattenkalk von Nusplingen. — /n: HARTER, M. & ScHMIDT-GEIBEL, N.
(Eds): 1Zollemalbkreis — Ein starkes Stiick Baden-Wiirttemberg. pp. 218-219; Balingen
(Daniel).

DietL, G., Karrrzke, M. & RieTer, M. (1995): Neue Grabungen im Nusplinger Plattenkalk



46 STUTTGARTER BEITRAGE ZUR NATURKUNDE Ser. B, Nr. 270

(Weifler Jura T, Ober-Kimmeridgium) der siidwestlichen Schwibischen Alb — ein Zwi-
schenbericht. — Jh. Ges. Naturkde. Wiirttemberg, 151: 107-126; Stuttgart. — [1995a]

- (1995): Neue Grabungen im Nusplinger Plattenkalk (Weifler Jura zeta) der Schwabi-
schen Alb. — Fossilien, 12/3: 170-174; Korb. — [1995b]

FrLEck, G., BEcHLy, G. & NEL, A. (in prep.): The aeschnidiid larvae (Odonata: Aeschnidi-
idae).

Fraser, E.C. (1957): A reclassification of the order Odonata, based on some new interpreta-
tiocrils of the venation of the dragonfly wing. — Handb. R. zool. Soc. N.S.W., 12: 1-133;
Sydney.

FRICKHINGER, K.A. (1985): Libellen. — Fossilien, 2/6: 259-264; Korb.

—  (1994): Die Fossilien von Solnhofen. 336 pp.; Korb (Goldschneck).

GErRMAR, E.F. (1839): Die versteinerten Insecten Solenhofens. — Nov. Acta physico-med.
Acad. Leop.-Carol., 19/1: 187-222; Halle.

HagGen, H. (1848): Die fossilen Libellen Europas. — Stett. ent. Z., 9: 6-13; Stettin.

—  (1862): Ueber die Neuropteren aus dem lithographischen Schiefer in Bayern. — Palae-
ontographica, 10: 96—145, pls 13-15; Cassel.

HaNDLIRSCH, A. (1906-1908): Die fossilen Insekten und die Phylogenie der rezenten For-
men. Ein Handbuch fiir Paliontologen und Zoologen. ix + 1430 pp., 51 pls; Leipzig
(Engelmann).

Hennig, W. (1966): Phylogenetic Systematics. — Urbana (Univ. Illinois Press).

- (1969): Die Stammesgeschichte der Insekten. 436 pp.; Frankfurt a.M. (Kramer).

KirBy, F. (1890): Appendix I. Fossil Odonata. — In: A synonymic catalogue of Neuroptera
Odonata. pp. 165-176; London (Gurney & Jackson).

KukaLovA-PEck, J. (1991): Fossil history and the evolution of hexapod structures. — In:
Naumann, L. D. (Ed.): The insects of Australia, a textbook for students and research
workers (2nd ed.). vol. 1: 141-179; Melbourne (Melbourne University Press).

LonMANN, H. (1996): Das Phylogenetische System der Anisoptera (Odonata). — Entomolo-
gische Zeitschrift, 106/6: 209-252 (first part); 106/7: 253-296 (second part); 106/9:
360-367 (first postscript); Frankfurt a.M.

Marz, H. & SCHRODER, H. (1979): Fossile Libellen - biologisch betrachtet. — Kleine Sencken-
berg-Reihe, 9: 1-46; Frankfurt a.M.

MEUNIER, F. (1898): Les insectes des temps secondaires, revue critique des fossiles du musée
paléontologique de Munich. — Arch. Mus. Teyler, (2), 6/2: 89-149, pls 1-30; Haarlem.

NEEDHAM, J.G. (1903): A genealogic study of the dragonfly wing venation. — Proc. U.S. natl.
Mus., 26(1331): 703-764.

NEL, A., BEcHLY, G. & MaRTINEZ-DELCLOS, X. (1996): A new genus and species of Aeschni-
diidae (Insecta: Odonata: Anisoptera) from the Solnhofen Limestone, Upper Jurassic,
Germany. — Senckenbergiana letﬁaea, 76/1/2: 175-179; Frankfurt a.M.

NEeL, A. & Martinez-Dercros, X. (1993): Essai de révision des Aeschnidioidea (Insecta,
Odonata, Anisoptera). — Cahiers Paléont., 1993: 1-99; Paris.

NEL, A., MARTINEZ-DELCLOS, X., PAICHELER, ].-C. & HENROTAY, M. (1993): Les “Anisozy-
goptera” fossiles. Phylogénie et classification. (Odonata). — Martinia, Numéro hors-
série, 3: 1-311; Bois-d’Arcy.

PrrTykiNa, L.N. (1977): New dragonflies from Lower Cretaceous deposits of Transbaikalia
and Mongolia. — Trudy sovm. sov.-mongol. paleont. Eksped., 4: 81-96. — [In Russian]

- (1986): Two new dragonflies from the Lower Cretaceous deposits of West Mongolia
(Anisoptera: Sonidae fam. nov., Corduliidae). — Odonatologica, 15/2: 169-184; Biltho-
ven.

Riek, E.E (1976): A new collection of insects from the Upper Triassic of south Africa. — Ann.
Natal Mus., 22/3: 791-820; Pietermaritzburg, etc.

Riek, E.F. & KukaLovA-Peck, J. (1984): A new interpretation of dragonfly wing venation
based upon early Carboniferous fossils from Argentina (Insecta: Odonatoidea) and ba-
sic characters states in pterygote wings. — Can. J. Zool., 62: 1150-1166; Ottawa.

ROHDENDORF, B.B. (Ed.) et al. (1962): Tschlenistonogie. — Tracheinye i Chelitzerowye. — In:
Osnowy Palaeontologii, 9; Moscow.

SCHLUTER, T. & HARTUNG, M. (1982): Aegyptidium aburasiensis gen. nov., spec. nov. (Aesch-
nidiidae) und Gondvanogomphus bartheli gen. nov., spec. nov. (Gomphidae) aus mut-
masslicher Unterkreide Siidwest-Agyptens (Anisoptera). — Odonatologica, 11/4:
297-307; Bilthoven.



BECHLY, REVISION OF UROGOMPHUS 47

ScHWEIGERT, G., DieTL, G., Karrrzke, M., RieTER, M. & HUGGER, R. (1996): Libellen aus
dem Nusplinger Plattenkalk (Oberjura, Ober-Kimmeridgium, Wiittemberg). — Stutt-
garter Beitr. Naturk. (B), 236: 1-12; Stuttgart.

TiscHLINGER, H. (1996): Plattenkalk-Libellen — Belege fiir ein Trockenfallen? — Fossilien,
13/5: 289-300; Korb.

TrRUEMAN, J.W.H. (1996): A preliminary cladistic analysis of odonate wing venation. — Odo-
natologica, 25/1: 59-72; Bilthoven.

WAGELE, J.W. (1994): Review of methodological problems of “computer cladistics” exempli-
fied with a case study on isopod phylogeny (Crustacea: Isopoda). — Z. zool. Syst. Evo-
lut.-forsch., 32: 82-107; Hamburg, etc.

WEYENBERGH, H. (1869): Sur les insectes fossiles du calcaire lithographique de la Baviere, qui
se trouvent au Musée Tyler. — Arch. Mus. Tyler, 2: 247-294, pls 34-38; Haarlem.
WiLLMANN, R. (1989): Palacontology and the systematization of natural taxa. — In: SCHMIDT-
Krrrier, M. & WiLLMann, R. (Eds): Phylogeny and the classification of fossil and re-

cent organisms. — Abh. naturwiss. Ver. Hamburg, N.F. 28: 267-291; Hamburg,.

Woorton, R.J. (1991): The functional morphology of the wings of Odonata. — Adv. Odona-
tology, 5: 153-169; Paris.

Author’s address:

Dipl.-Biol. Giinter Bechly, Institut und Museum fiir Geologie und Paldontologie, Eberhard-
Karls-Universitit Ttibingen, Sigwartstr. 10, D-72076 Tiibingen, Germany.
E-mail: Guenter.Bechly@t-online.de or GBechly@aol.com



ISSN 0341-0153

Schriftleitung: Dr. Gert Bloos, Rosenstein 1, D-70191 Stuttgart
Gesamtherstellung: Gulde-Druck GmbH, D-72072 Ttibingen



	Page0001
	Page0002
	Page0003
	Page0004
	Page0005
	Page0006
	Page0007
	Page0008
	Page0009
	Page0010
	Page0011
	Page0012
	Page0013
	Page0014
	Page0015
	Page0016
	Page0017
	Page0018
	Page0019
	Page0020
	Page0021
	Page0022
	Page0023
	Page0024
	Page0025
	Page0026
	Page0027
	Page0028
	Page0029
	Page0030
	Page0031
	Page0032
	Page0033
	Page0034
	Page0035
	Page0036
	Page0037
	Page0038
	Page0039
	Page0040
	Page0041
	Page0042
	Page0043
	Page0044
	Page0045
	Page0046
	Page0047
	Page0048

