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Abstract. Triassic Diptera are reviewed and their systematic classification and phyloge-
netic importance are discussed. Four new species of Diptera are described from the
Lower/Middle Triassic of France: Louisa nova, n. gen. et sp. (Grauvogeliidae), Tanus tri-
assicus, n. gen. et sp. (Nadipteridae), Archilimonia vogesiana, n. gen. et sp. (Archilimo-
niidae, n. fam.), Vymrhyphus blagoderovi n. sp. (Protorhyphidae) and Gallia alsatica n.
gen. et sp. (Rhagionidae), which — together with Grauvogelia arzvilleriana earlier de-
scribed from the same deposits — represent the oldest Diptera known. The following
changes in taxonomy are introduced: family Vladipteridae with species: Viadiptera kova-
levi and Dilemmala specula SHCHERBAKOV 1995 is transferred to Mecoptera. The sub-
families: Psychotipinac and Kuperwoodinae are raised to a family rank. Subfamily
Gnomuscinae is considered a doubtful Diptera and transferred, with some reservation, to
the Trichoceromorpha at the family rank. Family Alinkidae is transferred from infraorder
Tabanomorpha to Xylophagomorpha.Two new infraordes are established: Hennigmato-
morpha and Tillyardomorpha. Phylogenetic trees of all five suborders of Diptera are pre-
sented (i. e., of the Diarchineura, Neoneura, Polyneura, Anisoneura and Brachycera).
Representatives of all these suborders are known from the Triassic, and, with exception of
the Neoneura, were present already in the Lower/Middle Triassic of France, i. ., the old-
est deposits bearing the Diptera.

Key words: new species, new genus, new family, Diptera, fossil, Triassic, France, phy-
logeny.
Wiestaw KRZEMINSKI and Ewa KRZEMINSKA, Institute of Systematics and Evolution of
Animals, Polish Academy of Sciences, ul. Stawkowska 17; 31-016 Krakéw, Poland.
E-mail: krzeminski@muzeum.pan.krakow.pl

krzeminska@jisez.pan.krakow.pl

[. INTRODUCTION

The hitherto oldest Diptera were discovered in the Vosges Mts (France, Alsace) by Louis
GRAUVOGEL and Jean-Claude GALL and are dated at the turn of Lower to Middle Triassic (Voltzia-
Buntsandstein, c. 240 Ma; GALL & GRAUVOGEL 1966). The collection comprises several thousand
of fossil insects of various orders. Among the Diptera there are larvae, pupae, adults and their sepa-
rate wings. Till now one species, Grauvogelia arzvilleriana KRZEMINSKI, KRZEMINSKA & PAPIER
(1994) of a new family Grauvogeliidae was described. In the present paper remaining four species
of this collection. They represent main four lineages of the Diptera: Diarchineura, Polyneura, Ani-
soneura and Brachycera.



154 W. KRZEMINSKI, E. KRZEMINSKA

Up to 90’ the Triassic Diptera were very scarce; since then however they became more numer-
ous and now representatives of 16 families are known (listed in the Appendix). The first species de-
scribed, Crosaphis anomala EVANS 1971 from the Upper Triassic of Australia, was classified
erroneously to the Homoptera; later identified as a dipteran species of Crosaphididae (Anisopodo-
morpha) by KOVALEV (1983a). Upper Triassic Diptera from North America were recorded by
OLSEN et al. (1978) and later described by KRZEMINSKI (1992). There were three species represent-
ing Limoniidae (Tipulomorpha), one species of Procramptonomyiidae (Anisopodomorpha), one
species of Alinkidae (Tabanomorpha, now Xylophagomorpha) and one specimen incerta sedis of the
Eoptychopteridae (Ptychopteromorpha). Other findings of Triassic Diptera from Ferganskaya Valley
(Kyrgyzstan) were recorded by KOVALEV (1983b) and described later by SHCHERBAKOV et al. (1995)
together with other Triassic Diptera from Central Asia. Thirteen species of five families (Vladipteridae, Li-
moniidae, Nadipteridae, Hennigmatidae and Protorhyphidae) were distinguished by these authors.
However, classification of some to the Diptera is doubtful and their position is revised herein.

From the Upper Triassic of Australia BLAGODEROV (1999) described two new species of Pro-
cramptonomyiidae and Paraxymyiidae and LUKASHEVICH & SHCHERBAKOV (1999) described a
new family Tillyardipteridae basing on one species. From the Upper Triassic of England the oldest
species of the extant family Chironomidae is known (KRZEMINSKI & JARZEMBOWSKI 1999) and a
representative of a new fossil family Rhaetanidae (KRZEMINSKI & KRZEMINSKA 2002).

The Diptera described by ROHDENDORF (1961, 1962) from Issyk-Kul (Kyrgyzstan, Asia) and
dated at the Triassic were later estimated at the Lower Jurassic (GENKINA 1966). All insects de-
scribed from the Permian by TILLYARD (1929), RIEK (1977) and WILLMANN (1989) belong to the
Mecoptera. A vast majority of information on fossil Diptera described before 1994 is comprised in
the catalogue by EVENHUIS (1994).

The aim of this work is the description the Diptera from Lower/Middle Triassic of France, and
their placement in right taxonomic and phylogenetic context. To enable this, a revision of some Tri-
assic and Jurassic materials was necessary (see the Systematic Part). Also discussed are the basic
apomorphies of dipteran wing, which lay at the stem of the order.

Acknowledgements Wearegrateful toJ.-P. GALL and L. GRAUVOGEL-STAMM
(Institut de Géologie de I’Université Louis Pasteur, Strasbourg) for a loan of Diptera described
herein. We thank also D. SHCHERBAKOV and other Colleagues from the Laboratory of Fossil In-
sects, Paleontological Institute RAS in Moscow for making the specimens discussed herein avail-
able to us, for their warm (as always) welcome and long, inspiring discussions, which, however,
have not changed our respective views on the taxonomy and phylogeny of the Diptera.

This work was supported by the grant number 3P04C 108 22 from the Polish Committee for Sci-
entific Research (KBN).

II. MATERIAL AND METHODS

The collection of GRAUVOGEL et GALL from the Vosgues Mts (France, Alsace) comprises fol-
lowing Diptera: 54 specimens of Grauvogelia arzvilleriana, at least two larvae of Diptera, several
pupae and also five adults which are the subject of the present study. Three of them have body par-
tially preserved, and two are known only from separate wings. Their condition is generally poor and
some of features described below are visible only after a very careful examining in polarized light. All
specimens are covered with a diluted Arabic gum which prevents their wetting with water or alcohol.

Nomenclature and homology of wing veins

We follow here the nomenclature of BYERS (1989), i. e., with four medial veins, one cubital and
two anal veins, a system usually applied in the Tipulomorpha. This system is both the simplest one
and most probably homologous with that of higher Mecoptera (Fig. 1). Although hypothetic
groundplans of Diptera venation (MCALPINE 1981: Fig. 2.67, after HENNIG 1973: Fig. 111) present
a basal cubital vein forked in two veins (CuAl and CuA2), such pattern does not occur in any Me-
coptera with dipteroidal venation, nor in most primitive Diptera (fossil and Recent representatives
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of both groups included). In these groups we find invariably one basal medial vein Mb forked into
two branches, which in Mecoptera fork dichotomically into numerous medial veins. In the Diptera
these are reduced to four ones, M1 - M4 in a sequence of reductions which can be traced easily in the
Permian Mecoptera with dipteroidal venation (Fig. 1). Also invariably, in both groups the cross-
vein m-cu connects the medial vein with the cubital one (Fig. 1). This position and role of cross-vein
m-cu has been misinterpreted in the groundplan of Diptera by MCALPINE (1981: Fig. 2.67 ) where
this cross-vein is considered a basal section of CuA 1, while a basal section of M4 plays the role of m-cu.

III. SYSTEMATIC PART
ORDER: MECOPTERA
Family: Vladipteridae SHCHERBAKOV 1995

The family was described within the Diptera, from the Upper Triassic of Kazakhstan (Central
Asia) by SHCHERBAKOV (in: SHCHERBAKOV et al. 1995) and originally comprised two subfamilies:
Vladipterinae and Psychotipinae.

Vladipterinae comprise two monotypic genera described on species: Viadiptera kovalevi
SHCHERBAKOV and Dilemmala specula SHCHERBAKOV. My (WK) repeated, meticulous reexami-
nation of these holotypes resulted in stating that Vladiptera kovalevi does not belong to Diptera and
should be classified to the Mecoptera with dipteroidal venation, similar to that in Robinjohnia til-
lyardi RIEK (Fig. 1D) or Permotipula patricia TILLYARD (Fig. 1E), or Permila borealis (MARTY-
NOVA). V. kovalevi (Fig. 1F) has two cubital and two anal veins (CuA, CuP, Al and A2, according
to SHCHERBAKOV et al. 1995), as, ex., in Robinjohnia and Permila. Till now this pattern is known
only in the Mecoptera, some Lepidoptera and some Trichoptera, and never was found in the Diptera.

The cubital and anal fields of this single wing are so poorly preserved that we do not know
whether it belongs to the four- or two-winged specimen; the venation, according to our present
knowledge, speaks for a four-winged insect, probably of the Mecoptera. However, if an undoubt-
edly two-winged specimen with that venation is found in future, the four veins in cubito-anal field
would deserve a distinguished position among the Diptera, at least of a separate suborder, a sister
group of all remaining Diptera.

The second species of this subfamily, Dilemmala specula, lacks the cubito-anal field. Thus its
classification to the Diptera is also insufficiently based. Summarizing, the Vladipteridae (without
Psychotipinae) belong in our opinion to the Triassic Mecoptera with dipteroidal venation, a group
flourishing in the Permian.

Diagnosis and description are given by SHCHERBAKOV et al. (1995: 86). Family comprises two
species of two genera : Viadiptera kovalevi and Dilemmala specula.

The Psychotipinae, with one genus and two species, Psychotipa predicta SHCHERBAKOV 1995
and P. depicta SHCHERBAKOV 1995, were originally described as a subfamily of Vladipteridae.
They have three veins in cubito-anal field and undoubtedly belong the Diptera. The long A2 vein
places them safely within the Polyneura, infraorder Tipulomorpha, as a separate family Psychotipi-
dae, comb. nov. (see Appendix and Fig. 7). Differences in wing venation between its two species in-
dicate that in the Triassic this group was more numerous and diversified.

ORDER: DIPTERA

The oldest finds of Diptera come from the end of Lower Triassic. Already these scarce findings
evidence earlier radiation of this group into different lineages, as will be presented later. Therefore it
seems plausible that Diptera had branched off the main stem of the Mecoptera about the turn of Per-
mian to the Triassic. It is very probable that Diptera originated from Permochoristidae (Fig. 1), very
common during the Permian, or from other mecopteran lineage close to this family. Permian Me-
coptera exhibited a strong tendency to a). reduction of venation in fore wings, and b). reduction of
hind wings size (and function).
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These tendencies can be observed in the Permian and Triassic Mecoptera (Polycentropodidae,
Permochoristidae, Robinjohniidae, Permotipulidae and Laurentipteridae; Fig. 1), and also are pres-
ent in Recent Mecoptera. For instance, Nannochoristidae show reduced wing venation, while Bor-
eidae and Apteropanorpidae have wings strongly reduced. WOOD & BORKENT (1989) had even
supposed that Nannochoristidae could be a sister group to the Diptera + Siphonaptera. However,
this idea lacks the evidence, because according to NOVOKSHONOV (1997) the oldest Nannochoristi-
dae are not known before the Lower Jurassic, and the Siphonaptera stay closer to the Mecoptera
than the Diptera.

The phylogenetic tree (Fig. 1) presents relations between Mecoptera and Diptera. A tendency to
reduction of wing venation in Mecoptera can be observed. The same parallel tendency in Diptera is
well known.

Wing venation in Recent Diptera is easily distinguishable from that of the Mecoptera by numer-
ous apomorphies. However, wings of the oldest Diptera do not differ so much from some mecop-
teran wings; hence the difficulties in classifying single fossil wings (see the section on
Vladipteridae). Four main synapomorphies of wings of the Diptera are known:

1. Hind wing reduced to a haltere
2. One cubital vein present
3. Anal veins reduced to anal loop

4. Anal lobe present.

Transformation of the mecopteran hind wing into a dipteran haltere is the primordial apomorphy of
the Diptera. Sometimes only a finding of a body with wings allows to discern oldest Triassic and
Diptera from the Mecoptera, because wing venation of separate wings in both orders happens to be
too similar to ensure safe classification to the order. Examples of such errors are known (TILLYARD
1929, 1937; RIEK 1977; JELL & DUNCAN 1986; WILLMANN 1989); separate wings were originally
classified to the Diptera by these authors, and only later findings of more complete specimens al-
lowed to verify their position and to transfer them to the Mecoptera. Most probably, this will be also
the case of the Vladipteridae.

According to the present state of knowledge, the fore wing of Mecoptera with dipteroidal vena-
tion can be very similar to the dipteran one. Only two differences seem to exist: Diptera have only
one cubital vein, probably CuA (in result of complete reduction of the second, probably CuP), and
the presence of the anal loop in place of mecopteran A2 and A3.

Anal loop (or: anal ring in KRZEMINSKI & EVENHUIS 2000) is a poorly recognizable structure
present at base of anal field in many Recent Diptera: Tanyderidae, Ptychopteridae, Anisopodidae,
Cramptonomyiidae, and almost all Lower Brachycera. Only a find of Grauvogelia arzvilleriana,
the hitherto oldest Diptera (Lower/Middle Triassic of France; KRZEMINSKI et al. 1994), allowed to
recognize its previous, ancestral shape and propose its possible homology with second and third
anal vein of the Mecoptera. A grauvogeliid anal loop is the fully developed vein with scarce bristles
(Fig 1G). A similar anal loop is also known in some Lepidoptera and Trichoptera (KRZEMINSKI et
al. 1994; KRZEMINSKI & EVENHUIS 2000). The anal loop, well developed in G. arzvilleriana, under-
went a stepwise reduction in some lineages, and vanished completely in others (ex. higher Brachyc-
era); while in other (Polyneura), quite contrarily, it have been expanded into a long anal vein. All
these modifications of anal venation can be led from the anal loop of this oldest fly (Figs 3, 8).

Broad anal lobe distinguishes the dipteran wing from the mecopteran one. Physically and func-
tionally, it partially fulfills the role of a hind wing of Mecoptera. Hence isolated mecopteran wings
can be usually recognized by the lack of anal lobe; the wing base is narrowed in petiole-like way, or
even excised to make place for a smaller hind wing (as in Laurentiptera gallica LAURENTIAUX et
GRAUVOGEL (in LAURENTIAUX 1953); illustrated in KRZEMINSKI & KRZEMINSKA 1996 and in
KRZEMINSKI & EVENHUIS 2000: Fig 10). Also the connection of wing with the body is generally
more narrow in Diptera, allowing better maneuverability of the wing. In some advanced Recent
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Diptera the anal lobe is absent (Psychodidae, Vermileonidae), but most Diptera have it. Exception
are some separate wings of unrecognized origin, as Vladipteridae or Gnomuscidae (discussed later).

The order Diptera is divided into five distinct lineages defined as the suborders: Diarchineura,
Neoneura, Polyneura, Anisoneura and Brachycera (Fig. 2).
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Fig. 2. General phylogenetic system of the Diptera. Triassic Diptera evidence rapid radiation of the order and show distinct
division into five main evolutionary lineages: Diarchineura, Neoneura, Polyneura, Anisoneura and Brachycera (after
KRZEMINSKI & EVENHUIS 2000). Relations within particular lineages are presented separately (Figs 3, 6,7, 10, 12, 13).
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SUBORDER: DIARCHINEURA KRZEMINSKI, 1992

Diagnosis of suborder (First diagnosis was given by KRZEMINSKI, 1992;
new fossil Diptera described since that time require updating of diagnosis as follows). Five radial
veins terminate in wing margin; cross-vein r-r absent; four medial veins present; second anal vein
shaped as anal loop of various shape and size.

Redescription. Sc usually reaching beyond mid wing (shorter in some Recent
Tanyderidae and Psychodidae); sc-r at base of Sc (Grauvogeliidae, Nadipteridae), in mid of Sc
(Hennigmatidae) or at end (Tanyderidae, Psychodidae); five radial and four medial veins terminat-
ing in wing margin (only in some fossil and Recent Psychodidae the radial and medial veins are par-
tially reduced, but this reduction can be always recognized as obvious apomorphy). Discal cell
variable, usually rather large, and/or conspicuously elongated (Hennigmatidae, Nadipteridae,
Tanyderidae, some fossil Psychodidae); only in Psychodidae open by atrophy of cross-vein m-m
between M2 and M3; in majority of Diarchineura d cell is petiolate, i.e., a free section of M1+2 is
present beyond d cell (petiole absent only in Tanyderidae and Psychodidae). Cross-vein m-cu usu-
ally in distal portion of M3+4 (i.e., at base of d cell), sometimes in fork of this vein or beyond it (then
directly attached to M4); only in Grauvogeliomorpha in mid of M3+4. Between Cu and A1l pseu-
dovein usually present (no trace of it only in Grauvogeliidae). Second anal vein forming character-
istic loop, probably homologous to and arisen from two anal veins (A2 and A3) of Mecoptera,
connected by cross vein (Fig. 1G).

Family Grauvogeliidae from the Lower/Middle Triassic of France is the oldest and most charac-
teristic member of this suborder.

Diarchineura are represented by four extinct families: Grauvogeliidae (Lower/Middle Triassic),
Kuperwoodidae (Upper Triassic), Hennigmatidae (Lower Jurassic to Lower Cretaceous), Nadipte-
ridae (Lower/Middle Triassic to Lower Jurassic), and by two Recent families: Tanyderidae (known
since Lower Jurassic) and Psychodidae (known since Middle Jurassic). These families represent
five infraorders: Grauvogeliomorpha, Hennigmatomorpha, Nadipteromorpha, Tanyderomorpha
and Psychodomorpha. Fig. 3 presents their relationships within the Diarchineura, illustrated by
wing venation of main representatives.

Infraorder: Grauvogeliomorpha KRZEMINSKI, KRZEMINSKA & PAPIER, 1994
The infraorder separates Grauvogeliidae KRZEMINSKI, KRZEMINSKA & PAPIER, 1994.
Family: Grauvogellidae

The family was till now represented by one monotypic genus and species, Grauvogelia arzville-
riana KRZEMINSKI, KRZEMINSKA & PAPIER 1994 from the Lower/Middle Triassic of France.
Among the same material a specimen of the same family, but representing a second genus and spe-
cies was found.

Diagnosis ofthe family remains unchanged.
Genus: Louisa gen. nov.
D iagn o sis.Arculus present; r-m just behind fork of Rs into R2+3 and R4+5 and in mid
of upper margin of d cell; m-cu in fork of M3+4.
Type species: Louisa nova, sp. n., Lower/Middle Triassic of France.

Etym ol o gy. The new genus name is dedicated to the collector and owner of the collec-
tion, Louis GRAUVOGEL. Gender: feminine.

Description ofthe genusis covered by that of its only species.
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Louisa nova, sp. n.
Fig. 4.

Diagnosis isthesame as diagnosis of the genus.

Material examined. Holotype No. 6507/6508 (+,-), Arzviller (locality No. 118b), Vos-
ges Mts, France. Age: Lower/Middle Triassic. Coll. L. GRAUVOGEL and J.-P. GALL; housed in the
Institut de Géologie de I’Université Louis Pasteur, Strasbourg, France.

Description. Analmostcomplete single wing 3.1 mm long, with a small basalmost
portion lacking; specimen covered with diluted Arabic gum. Venation (Fig. 4): Sc, R1 and Cu dis-
tinctly stronger than remaining veins; Sc ending before mid of wing, mildly curved and not parallel
to costal wing margin, which is convex; Rb without basal kink; arculus shaped as strong cross-vein;
outlet of Rs obscure; five radial veins terminate in wing margin (R2 better visible in negative coun-
terpart); R2+3 three times longer than R2 and R3 twice longer than R2; r-m connecting first fork of
Rs and mid of d cell upper margin; fork of R4+5 poorly visible; R4 is probably 4 times longer than
R4+5; four medial veins present; d cell small (1/7 of wing length) and positioned under level of Mbj;
petiole of d cell present, c. 1/4 of M2 length; m-cu in fork of M3+4; Cu long, curved to wing margin;
A2 not retained.

R e m arks. Anew species reminds Grauvogelia arzvilleriana, the most important distin-
guishing features being: arculus present; Rb without basal kink; r-m in fork of Rs and m-cu in fork
of M3+4. Regarding the phylogenetic (RIEK 1977) importance implied by presence/absence of ar-
culus and initial shape of Rb, we separate the specimen in a new genus.

Fig. 4. Louisa nova, sp. n., wing (Grauvogeliidae, Lower/Middle Triassic of France). Bar 0.5 mm.

Infraorder: Hennigmatomorpha, n. comb.

Diagnosis. RS5long, originating directly from Rs (and not from R4+5); Rs forking into
R2+3+4 and RS.

Two families are included: Hennigmatidae from the Lower Jurassic of Germany and from
Lower Cretaceous of Mongolia, and Kuperwoodidae from Middle/Upper Triassic (Ladinian — Car-
nian) of Kyrgyzstan (Central Asia).

Superfamily: Hennigmatoidea SHCHERBAKOV, 1995
Family: Hennigmatidae SHCHERBAKOV et al., 1995

Family Hennigmatidae described from the Middle Triassic of Central Asia comprised two gen-
era: Hennigma SHCHERBAKOV 1995 and Anemeca SHCHERBAKOV 1995, until ANSORGE (2001)
proved that the genus Hennigma is a younger synonym of Metatrichopteridium HANDLIRSCH 1939,
described from the Lower Jurassic of Germany and originally placed in Trichoptera.

The genus Anemeca with one species, 4. liya, was described from the Upper Triassic of Kyrgyz-
stan (Central Asia). The shape of this single wing (SHCHERBAKOV et al. 1995: Fig. 32; KRZEMINSKI
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& EVENHUIS 2000: Fig. 14.16) devoid of anal lobe indicates rather a four-winged insect (Mecoptera
or Trichoptera), and not a representative of Diptera. In any case, differences in wing venation be-
tween Metatrichopteridium (=Hennigma) and Anemeca are too large to fall within one family.

In our opinion the family Hennigmatidae comprises only one genus, Metatrichopteridium, with
two species: M. confusum HANDLIRSCH 1939 from the Lower Jurassic of Germany (a type species),
and M. cladistorum (SHCHERBAKOV 1995) from the Lower Cretaceous of Mongolia. In this situa-
tion no representatives of this family are known from the Triassic.

Diagnosis of family (modified herein after removmg Anemeca) Wing (F ig. 3C) very
broad, with large anal lobe; five radial and four medial veins terminate in wmg margin; d cell very
narrow and almost as long as half wing length; additional cross veins present in cells r1, r4 and r5.

Type species: Metaptychopteridium confusum HANDLIRSCH 1939 from Lower Toarcian of
Dobbertin (Germany).

Family: Kuperwoodiidae, comb. nov.
Subfamily: Kuperwoodiinae LUKASHEVICH, 1995
Genus: Kuperwoodia LUKASHEVICH, 1995.
Fig. 3B

The subfamily Kuperwoodinae is raised to a family level because of numerous striking differ-
ences in shape and venation of wing (compare Kuperwoodiidae and Hennigmatidae: Fig. 3B, C).

Diagnosis of family remains the same as that of a former subfamily (SHCHERBAKOV et
al. 1995: p. 92). The family comprises one genus and species, Kuperwoodia benefica LUKASHEVICH
(in: SHCHERBAKOV et al. 1995) from Middle/Upper Triassic of Kyrgyzstan.

Infraorder: Nadipteromorpha KRZEMINSKI & EVENHUIS 2000.

Diagn osis. Fiveradial veins, four medial and one anal vein terminate in wing margin; d
cell very long and narrow; cross-vein m-cu beyond mid of M3+4 or between M4 and Cu.

One family is included, Nadipteridae, with two genera and four species known from the Mid-
dle/Upper Triassic to Lower Jurassic of Asia and Europe.

Family: Nadipteridae LUKASHEVICH, 1995

The family Nadipteridae is removed from Ptychopteroidea (where it was originally classified;
SHCHERBAKOV et al. 1995) and separated into own infraorder. Nadipteridae (Fig. 3D), with five ra-
dial veins, represent the oldest lineage of the Diptera (Diarchineura) and have all diagnostic charac-
ters ascribed to this infraorder. Ptychopteromorpha with four radial veins belong other evolutionary
lineage, the Neoneura.

Diagnosis ofthe family is the same as that of the infraorder.

The family comprises now two genera: Nadiptera LUKASHEVICH, 1995 with three species: V.
kaluginae and N. pulchella LUKASHEVICH 1995 from the Middle/Upper Triassic of Kyrgyzstan and
Nadiptera anachrona LUKASHEVICH from the Lower Jurasic of Kyrgyzstan, and a new genus and
species from the Lower/Middle Triassic of France.

Genus: Tanus, n. gen.

Diagnosis. Fiveradial veins terminate in wing margin; R2 very short; R2+3 long, 5
times longer than R2; r-m in midlength of R4+5 and in proximal 1/5 of d cell upper margin; d cell
probably without petiole; cross-vein m-m between M2 and M3; cross-vein m-cu between M4 and Cu.

Type species: Tanus triassicus, n. sp., Lower/Middle Triassic of France.

Etymology. Anew genusname refers its probable direct descendants, a Recent family
Tanyderidae. Gender: masculine.
Description ofnew genusis covered by that of its only species.
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Tanus triassicus, n. sp.
Fig. 5 A-D

Diagnosis isthesame as that of the new genus.
Etymolo gy. Species name refers to age its age, the Triassic.

M ateria l Holotype No. 5336, male, Arzviller (locality No. 108), Vosges Mts, France.
Age: Lower/Middle Triassic. Coll. L. GRAUVOGEL and J.-P. GALL; leg. GRAUVOGEL 24.08. 1924;
housed in the Institut de Géologie de I’Université Louis Pasteur, Strasbourg, France.

Description Malespecimen preserved in dorsal view. Body length 4 mm, wing
length 2.8 mm. Head, antennae, one wing almost complete, only basal part of anal lobe is missing;
second wing folded and poorly identifiable; one, probably mid, leg completely preserved; two other
in worse condition; abdomen and genitalia well preserved.

Head round, front part with palpi invisible, covered by mineral material. Antennae (Fig. 5A)
partially preserved, probably composed of 14 flagellomeres, were twice longer than head width;
when bent backwards, they would reach bases of wings; scape invisible, pedicel round, with short
bristles, almost twice as large as first flagellomere; all flagellomeres round, as long as broad, with
short strong bristles retained on some of them.

Legs (Fig. 5B): long and thin, tibia with spurs and strong bristles, first tarsomere almost as long
as the second and third ones combined; base of the fourth is swollen; this tarsomere and the last one
are shaped in a way suggesting that they might have formed a clasping organ.

Wing venation (Fig. 5C): arculus invisible, probably absent; Sc well identifiable only in middle
part, ending almost opposite r-m; position of sc-r not certain, probably in midlength of Sc; five ra-
dial veins terminate in wing margin; Rb and R1 stronger than other veins; Rb with distinct basal
kink; R1 long and straight; Rs almost equal R2+3; R2 very short, c. 1/5 of R2+3 length; R3 longer
than R2; R4+5 very short, c. 1/3 of Rs length and 1/4 of R4 length; r-m between mid of R4+5 and ba-
sal 1/5 of M1+2; d cell narrow, long; m-m poorly preserved, probably between M2 and M3 (i.e.,
petiole of d cell absent); proximal half of M3 poorly visible; m-cu just behind M3+4 fork, in 1/6 of
M4; Cu strong; basalmost section of Al not preserved; A2 not preserved but must have been very
short, since only a small portion of wing is lacking.

Genitalia (Fig. 5D): gonocoxites slender and long, gonostyles single, bent to inside, with acute,
strongly sclerotized tips. Penis probably unforked. Entire hypopygium covered with bristles.

D

Fig. 5. Tanus triassicus, n. sp., Nadipteridae, Lower/Middle Triassic of France: A. antennae, B. leg; C. wing; D. genitalia.
Bar 0.5 mm (C, D).
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R e m a r k s. Following characters allow to place this genus among the Nadipteridae: five ra-
dial veins and long d cell with long M3+4 forming nearly half of d cell base. The new genus and spe-
cies differs from other Nadipteridae by position of r-m and m-cu and lack of petiole of d cell. Most
probably, it represents an ancestral line of the Tanyderidae.

Infraorder: Tanyderomorpha
Family: Tanyderidae

Tanyderidae are the only family of this infraorder. Till now no Triassic representatives were
found; the oldest Tanyderidae come from the Lower Jurassic of Europe and Asia (ANSORGE 1994;
KRZEMINSKI & REN 2001, ANSORGE & KRZEMINSKI 2002). Recent representatives were character-
ized by KRZEMINSKI & JUDD (1997).

The position of this family in various phylogenetic systems is very different (HENNIG 1973;
MCALPINE et al. 1981; WOOD & BORKENT 1989; KRZEMINSKI 1992; ANSORGE 1994; OOSTER-
BROEK & COURTNEY 1995; SHCHERBAKOV et al. 1995; MICHELSEN 1996). In our opinion (un-
changed since 1992) this is the most plesiomorphic family still living, a real “living fossil”. Some
fossil Tanyderidae show close relationship with the Psychodidae (KRZEMINSKI 1992; ANSORGE
1994; KRZEMINSKI & EVENHUIS 2000).

Infraorder: Psychodomorpha
Family: Psychodidae

Psychodidae are a very diversified family. The oldest species from the Lower Jurassic
(ANSORGE 1994) and from the Lebanese amber of the Lower Cretaceous (AZAR et al. 1999) have
discal cell closed, which is a plesiomorphic condition absent in Recent representatives.

Psychodidae have been placed deep inside phylogenetic systems of the Diptera (e.g., HENNIG
1973; WOOD & BORKENT 1989; OOSTERBROEK & COURTNEY 1995). This is one of the greatest er-
rors performed in study on the Diptera evolution. All fossil evidences prove without any doubt close
relationship between Psychodidae and Tanyderidae, especially in wing venation (ANSORGE 1994;
KRZEMINSKI & EVENHUIS 2000). Some Jurassic and Cretaceous Psychodidae had discal cell closed
and venation pattern almost identical with the Tanyderidae, while the Lower Jurassic tanyderids
were small, as are the Recent Psychodidae (KRZEMINSKI 1992; ANSORGE 1994; AZAR et al. 1999;
KRZEMINSKI & EVENHUIS 2000; AZAR & NEL 2002).

Despite these facts, the Psychodomorpha are generally treated as an unanchored group, a kind of
dustbin for all families of unknown origin. This is evident when comparing phylogenetic trees of
ROHDENDORF 1964; HENNIG 1973; OOSTERBROEK & COURTNEY 1995; SHCHERBAKOV etal. 1995.

According to our current knowledge, the infraorder can comprise only two families, Psychodi-
dae and Phlebotomidae.

SUBORDER: NEONEURA KRZEMINSKI 1992

Representatives of this suborder are not known before the Upper Triassic; hence its origin, i.e.,
branching off the Diarchineura, took place probably about the Middle Triassic. Very few fossils
document this first stage of the Neoneura and they represent four families: Rhaetaniidae (Upper
Triassic of England; KRZEMINSKI & KRZEMINSKA 2002), Eoptychopteridae (Upper Triassic of North
America; KRZEMINSKI 1992), Tillyardidae (Upper Triassic of Australia; LUKASHEVICH & SHCHER-
BAKOV 1999) and Chironomidae (a Recent family known since Upper Triassic of England,;
KRZEMINSKI & JARZEMBOWSKI 1999). Within this suborder five lineages (infraorders) are distin-
guished: Tillyardomorpha, Ptychopteromorpha, Culicomorpha, Blephariceromorpha and Nympho-
myiomorpha (Fig. 6).
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Infraorder: Tillyardomorpha, n. infraorder

Diagnosis. Sclong,sc-rin terminal part of Sc; four radial and four medial veins termi-
nate in wing margin; r-r (R2) absent; d cell long; m-cu positioned beyond mid of d cell.

Characteristic members of this infraorder are the Tillyardidae, represented by Tillyardiptera
prima LUKASHEVICH & SHCHERBAKOV 1997 from the Upper Triassic of Australia. Also the family
Rhaetaniidae with one genus and species, Rhaetania triassica KRZEMINSKI & KRZEMINSKA 2002,
from the Upper Triassic of England, is classified here.

Fossil materials suggest the direct origin of Tillyardomorpha from the family Nadipteridae of
the Diarchineura.

Infraorder: Ptychopteromorpha WOOD & BORKENT 1989

This infraorder comprises two families: extinct Eoptychopteridae and Recent Ptychopteridae.
Eoptychopteridae are known since the Upper Triassic of North America; abundantly represented in
the Jurassic and Lower Cretaceous of Europe and Asia (LUKASHEVICH et al. 1998). One species is
known from the Lower Cretaceous of Brazil (Santana Formation; KRZEMINSKI and ANSORGE, in
prep.) and from the Lebanese amber (Lower Cretaceous) (LUKASHEVICH & AZAR 2003, this volume).
The family became extinct at the turn of Lower to Upper Cretaceous; and their direct descendants
are the Recent Ptychopteridae. It is an unquestioned example of a linear transition of a fossil family
into a Recent one, without branching off.

Infraorder: Culicomorpha HENNIG 1973

This is the most numerous and diverse infraorder of the Neoneura. Its oldest representative,
Aenne triassica KRZEMINSKI & JARZEMBOWSKI 1999 (KRZEMINSKI & JARZEMBOWSKI 1999;
ANSORGE 1999) represents the family Chironomidae, a family of much more apomorphic characters
in the venation than the remaining Culicomorpha, as: Rhaetomyiidae, Chaoboridae or Dixidae,
which are known from numerous fossils from the Lower and Middle Jurassic (KALUGINA & KOVA-
LEV 1985). Almost certainly these families are much older and their findings among Triassic mate-
rial are expected.

Culicomorpha comprise two superfamilies, Culicoidea and Chironomidea (WOOD & BORKENT
1989; BORKENT 1993; SZADZIEWSKI 1988, 1990, 1995, 1996). Fossil Culicomorpha are dealt with by
LUKASHEVICH (19964, b). Phylogeny of the Recent Culicomorpha is extensively discussed by
SAETHER (2000).

Infraorder: Blephariceromorpha WOOD & BORKENT, 1989

Traditionally, this taxon includes two Recent families, Blephariceridae and Deuterophlebiidae,
which probably are not closely related. The oldest Blephariceridae are known from the Late Creta-
ceous (KOVALEV 1987; LUKASHEVICH & SHCHERBAKOV 1997). SHCHERBAKOV et al. (1995) clas-
sify here also an Upper Jurassic family Ansorgiidaec KRZEMINSKI & LUKASHEVICH (1993) from
Kazakhstan.

Infraorder: Nymphomyiomorpha ROHDENDORF, 1964

This infraorder comprises only one family, Nymphomyiidae. According to ROHDENDORF
(1964), morphology of larvae and adults distinguishes this family among all remaining Diptera and
deserves this separated taxonomic position. Nymphomyiidae stay closer to the Culicomorpha than
to Blephariceromorpha, although they are often included into that latter taxon.

Oldest Nymphomyiidae are known only from the Saxonian amber (Upper Eocene) (WAGNER et
al. 2000).
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SUBORDER: POLYNEURA BRAUER, 1863

Diagnosis. A2long (atleast 10% of wing length), terminating in wing margin. Cross-
vein r-r present, only in Psychotipidae terminating in wing margin as R2, and in some Limoniidae
completely reduced.

R e m a r k s. A basic autapomorphy of this lineage is an elongated A2. Cross vein r-r plausi-
bly originated from R2, which became vertical and shortened and thus had lost contact with wing
margin to terminate in R1. This mode of r-r origin was a hypothesis and now is documented within
the Psychotipidae: in some species R2 is not fully contacting R1, and in some it even terminates in
wing margin (Fig. 7C).

Stages of A2 elongation can be easily traced in fossil material of the Trichoceridae, Limoniidae
and Psychotipidae (Fig. 8). Especially the Limoniidae from the Triassic to Recent times present a
model of elongation of A2. This tendency is observed also among the Recent representatives of
young and apomorphic genera of the Limoniidae (e.g., Molophilus, Symplecta, Erioconopa), and
also in the Trichoceridae (Diazosmay).

The suborder comprises two infraorders: Tipulomorpha and Trichoceromorpha (Fig. 7).

Infraorder: Tipulomorpha ROHDENDORF, 1961

The infraorder comprises families: Limoniidae, Cylindrotomidae, and Tipulidae (all repre-
sented by fossil and Recent species), Psychotipidae (Middle/Upper Triassic) and the oldest — Ar-
chilimoniidae n. family from the Lower/Middle Triassic of France, described below.

SHCHERBAKOV et al (1995) included in Limoniidae also a Middle Triassic subfamily Gnomus-
cinae, but expressed some doubts to this classification. We are not sure whether Gnomuscinae are
Diptera at all; but even if so, then they should belong rather Trichoceromorpha, not Tipulomorpha (
see below).

Family: Archilimoniidae n. fam.

Diagnosis. Scrather short, reaching just beyond midlength of wing; Rs forking into
R2+3 and R4+5; d cell large; M4 leaves M3+4 in mid of d cell; four medial veins present; m-m be-
tween M2 and M3; m-cu in fork of M3+4.

Type genus: Archilimonia n. gen., Lower/Middle Triassic of France.
Description ofthe family is covered by that of its only genus and species.

Genus: Archilimonia n. gen.

Diagnosis iscoveredby that of the new family; description is given under its type species.
Type species: Archilimonia vogesiana, n. sp., Bust, Vosges Mts, France, Lower/Middle Triassic.

Etymolo gy. Anew genusrepresents the oldest known ancestor of the Limoniidae. Gen-
der: feminine.

Archilimonia vogesiana, n. sp.
Fig. 9A, B

Diagnosis isthesame as that of the new family.

M aterial HolotypeNo.9052 (+,-), female, Bust (locality No. 215), Vosges Mts, France,
Lower/Middle Jurassic. Coll. L. GRAUVOGEL and J.-P. GALL; housed in the Institut de Géologie de
I’Université Louis Pasteur, Strasbourg, France.

Description. A poorly preserved female; body length 3.8 mm, wing length 3 mm.
Head small and round; palpi invisible. Antennae (Fig. 9A) with 9 basal flagellomeres identifiable,
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oval, a little longer than wide. One complete wing present. Legs and ovipositor missing; three sper-
mathecae visible (one only in fragments).

Wing venation (Fig. 9B): R1, R5 and Cu distinctly thicker than other veins; area of d cell poorly
visible. Sc mildly lowered, not parallel to costal wing margin and ending about mid of wing; sc-r
probably at its two lengths before Sc tip; Rb with distinct basal kink; arculus absent; four radial
veins terminate in wing margin; Rs short, c. 1/3 shorter than R2+3 and twice shorter than R4; r-r
(R2) at its 3 lengths before R1 tip; r-m most probably between mid of R4+5 and 1/4 of d cell upper
margin; R4+5 arched, c. as long as 1/5 of RS; d cell large, almost 1/4 of wing length and below Mb
level; d cell without petiole (i.e., m-m connects M2 and M3); M3+4 fork before mid of d cell lower
margin; m-cu just before fork of M3+4; A1 straight, long, very delicate; cross-vein a-a present; A2
slightly sinuous, strong.

R ¢ m a r k. This species is classified to the Polyneura on basis of four radial veins present, r-r
between R1 and R3 and long A2. Size of d cell reminds species of the Recent genus Lechria SKUSE
(family Limoniidae); in the new species however the cross-vein m-cu is positioned close to fork of
M3+4; this plesiomorphic condition is characteristic also of the subfamily Architipulinae (Limonii-
dae) known from the Triassic.

Fig. 9. Archilimonia vogesiana, n. sp. (Archilimoniidae, Lower/Middle Triassic of France). A. antenna (bar 0.2 mm); B.
wing (bar 0.5 mm).

Family: Psychotipidae, comb. nov.

Psychotipinae SHCHERBAKOV: SHCHERBAKOV et al. (1995): 86-88; Figs 19, 20.

Representatives of this taxon were classified to the subfamily Psychotipinae within the Vladip-
teridae by SHCHERBAKOV in SHCHERBAKOV et al. (1995). A taxonomic position of this family was
discussed herein.

The diagnosis and description ofthis family and its composition is not
changed. Two species, Psychotipa predicta SHCHERBAKOV 1995 and P. depicta SHCHERBAKOV
1995, come from the Middle Triassic of Kyrgyzstan (Central Asia).

Infraorder: Trichoceromorpha KRZEMINSKI, 1992

The infraorder is separated to comprise the family Trichoceridae, known since the Lower Juras-
sic (data in preparation) until recently (Recent Trichoceridae are characterized in DAHL &
KRZEMINSKA 1997).

Family: Gnomuscidae, comb. n.

From the Middle Triassic of Kyrgyzstan (Central Asia) SHCHERBAKOV (in SHCHERBAKOV et al.
1995) described a subfamily Gnomuscinae within the Limoniidae. It remains doubtful whether both
species of the Gnomuscinae, Gnomusca molecula SHCHERBAKOV 1995 and G. renyxa SHCHER-
BAKOV 1995, belong the Diptera. Again, this is the case of separate wings completely devoid of anal
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lobe. Such wings, in our opinion, rather belonged four-winged insects. If the Gnomuscidae are to be
included in the Diptera, their place is rather within the Trichoceromorpha, according to the diagnos-
tic character of short anal vein. In that case the group should be given the status of a family Gnomus-
cidae, comb. nov.

NEODIPTERA MICHELSEN, 1996 [= SUBORDERS: ANISONEURA AND BRACHYCERA]

The first known radiation of the Diptera occurred already in the Lower Triassic, as is docu-
mented by KRZEMINSKI, KRZEMINSKA & PAPIER (1994) and discussed by KRZEMINSKI & EVEN-
HUIS (2000). We assume that from the oldest Diptera — the Diarchineura, defined by four
apomorphies, gave origin to younger lineages. Among the first ones were the Anisoneura and Bra-
chycera (KRZEMINSKI 1998; KRZEMINSKI & EVENHUIS 2000). According to MICHELSEN (1996),
both suborders constitute an informal group called Neodiptera. Recent representatives of both sub-
orders share some morphologic characters of sclerites; their phylogenetic proximity is also con-
firmed by wing venation of fossils.

The Lower and Middle Triassic Neodiptera are defined by one synapomorphy: complete ab-
sence of R2 (or: r-r) (Fig. 10). Other characters of the lower Anisoneura (as Protorhyphidae) and
Lower Brachycera (as Rhagionidae) are very similar to or identical with the Diarchineura repre-
sented by Grauvogeliidae. These plesiomorphic characters are: sc-r close to origin of Sc; r-m proxi-
mally of first fork of Rs (into R2+3 and R4+5); d cell rather small and sometimes with petiole
retained ( = free section of M1+2 beyond d cell); four medial veins; m-cu close to fork of M3+4 into
M3 and M4 (Fig. 3). Fossil materials are scarce, but suggest a one step transition from the Diarchi-
neura to Neodiptera. The first, Lower Triassic Neodiptera are: Protorhyphidae (of the Anisoneura)
and Rhagionidae (of Brachycera). Both these lineages had early separated from each other. Judging
from the fossil record, in the Triassic and Lower Jurassic they were poorly represented, (especially
the Brachycera), but since the Middle Jurassic rapid radiation of both lineages is documented, re-
sulting in enormous variety and abundance in the Cretaceous.

SUBORDER: ANISONEURA, KRZEMINSKI & EVENHUIS, 2000

Anisoneura, now a very diversified and rich group, were in the Triassic represented only by Ani-
sopodomorpha. The suborder comprises three infraorders: Anisopodomorpha, Axymyiomorpha
and Bibionomorpha (Fig. 10).

About the turn of the Lower to Middle Triassic the Anisoneura were represented only by the
Protorhyphidae, which became extinct in the Jurassic. One and the oldest species of this family, de-
scribed below, had four long radial and four medial veins, and closed d cell. The direct descendants
of Protorhyphidae are the Anisopodidae, which have lost R4 and have only three radial veins, R1,
R3 and RS (or: R4+5; the mode of reduction of R4 is not known).

Infraorder: Anisopodomorpha KRZEMINSKI & EVENHUIS, 2000

Already four families of the Anisoneura are known from the Triassic: Protorhyphidae, Crosa-
phididae, Procramptonomyiidae and Paraxymyiidae. The oldest species is Vymrhyphus blagod-
erovi, n. sp. (Protorhyphidae; Lower/Middle Triassic of France) described below. To the same
genus are classified two species: V. tuomikoskii and V. triassicus BLAGODEROV 1995 from the Mid-
dle/Upper Triassic of Kyrgyzstan (Asia). The family Crosaphididae is represented by Crosaphis
anomala EVANS from the Upper Triassic of Australia (EVANS 1971; KOVALEV 1983a); the Pro-
cramptonomyiidae are known two species: Yala argentata KRZEMINSKI from the Upper Triassic of
USA (KRZEMINSKI 1992) and Austrocramptonomyia minuta BLAGODEROV 1999 from the Upper
Triassic of Australia (BLAGODEROV 1999). Triassic Paraxymyiidae are represented by Veriplecia
handlirschi BLAGODEROV 1999 from the Upper Triassic of Australia. The relations within the Ani-
sopodomorpha are discussed by BLAGODEROV et al. (1993) and KRZEMINSKI & KRZEMINSKA (1994).
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The infraorder comprises ten families: Protorhyphidae, Siberhiphidae, Anisopodidae, Pro-
cramptonomyiidae, Cramptonomyiidae, Heterorhyphidae, Paraxymyiidae, Crosaphididae, Eomy-
cetophilidae and Eoditomyiidae, which belong three superfamilies: Anisopodoidea,
Cramptonomyidae and Crosaphidoidea. Only Anisopodidae and Cramptonomyiidae are repre-
sented recently. Extinct families remain unknown to many dipterologists studying Recent Diptera,
and is a source of too complicated, improbable hypotheses based only on Recent flies.

Family: Protorhyphidae HANDLIRSCH, 1906

This extinct family existed since Lower/Middle Triassic and became extinct at the turn of the Ju-
rassic to Cretaceous. Its Triassic representatives are known from Europe, North America and Aus-
tralia (listed above).

Genus: Vymrhyphus BLAGODEROV, 1995

Vymrhyphus blagoderovi, n. sp.
Fig. 11.

Diagnosis. Cross-veinr-m between RS and upper margin of d cell; d cell with petiole;
m1 cell very broad; A2 relatively long and wavy, as in Anisopodidae, but not reaching wing margin.

Etymology. Anewspeciesname is dedicated to an outstanding paleoentomologist Vo-
lodia BLAGODEROV, the author of this genus.

M aterial Holotype No. 9077 (+,-), Arzviller (locality No. 118 L), Vosges Mts, France,
Lower/MiddleTriassic. Coll. L. GRAUVOGEL and J.-P. GALL; housed in the Institut de Géologie de
I’Université Louis Pasteur, Strasbourg, France.

Description. Asingle, almostcomplete wing in rather poor condition; basal and anal
portions obscure; length 4.2 mm. Venation makes appearance of two wings folded together and
overlapping, since veins of distal part seem to be double. This phenomenon is caused by dislocation
of lower membrane in relation to the upper during fossilization. This peculiar effect, quite often ob-
served in fossil wings over a limited area, here affects almost half of the wing.

Venation (Fig. 11): Sc rather long (better discernible in negative counterpart); sc-r invisible; Rb
with distinct basal kink; four long radial veins of nearly equal length terminate in wing margin; Rs
twice as long as R4+5; arculus absent; r-m just behind fork of R4+5, connecting R5 and mid of d cell
upper margin; d cell below level of Mb, narrow, less than 6 times shorter than wing length; d cell
with a very short petiole, equal 1/7 of M2; cross-vein m-cu in 1/3 of d cell base; Cu slightly curved
beyond m-cu; A2 rather long, poorly retained, not reaching wing margin.

R e m a r k s. The wing venation is similar to that in Vymrhyphus tuomikoskii BLAGODEROV
(in: SHCHERBAKOV et al. 1995) from the Middle Triassic of Kyrgyzstan (Asia), with following dif-
ferences in venation present in a new species: R4+5 shorter in relation to Rs, position of r-m and
long A2. Vymrhyphus blagoderovi has also distinctly broader wing, but narrower than other species
of the family Protorhyphidae.

Fig. 11. Vymrhyphus blagoderovi, n. sp. (Protorhyphidae; Lower/Middle Triassic of France). Bar 0.5 mm.
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Infraorder: Axymyiomorpha WOOD & BORKENT, 1989

WOoO0D & BORKENT (1989) created this infraorder to contain Recent families: Axymyiidae, Per-
issomatidae and Pachyneuridae. The oldest extinct families, Ellidac and probably Boholdoyidae,
come from the Lower Jurassic. Fossil Axymyiomorpha and their phylogenetic relations are de-
scribed by KRZEMINSKA et al. (1993), and, with some minor changes, are shown in Fig. 12.

Infraorder: Bibionomorpha HENNIG, 1973

The infraorder Bibionomorpha became more uniform and relations between its families more
evident after separating the infraorders Axymyiomorpha and Anisopodomorpha. Recent families
included in this infraorder are grouped in superfamilies Bibionoidea, Sciaroidea and Scatopsidoi-
dea. Fossil families are: Protopleciidae, Pleciofungivoridae, Pleciomimidae and Mesosciophilidae.
The oldest Bibionomorpha are known since the Lower Jurassic (ANSORGE 1996).

SUBORDER: BRACHYCERA MACQUART, 1834

There are no distinct differences in wing venation of Anisoneura and so called Lower Brachyc-
era (infraorders: Stratiomyomorpha, Xylophagomorpha, Tabanomorpha and Asilomorpha). In
spite of this, Brachycera are still considered a monophyletic group (YEATES & WIEGMANN 1999).
This possibly concerns only the so called higher Brachycera, i. e., infraorder Muscomorpha. Gener-
ally, this system of five infraorders listed (Fig. 13) is acknowledged at present.

Brachycera did not origin from the Nematocera by a long, stepwise evolution, as was supposed
until quite recently. Fossil evidences show that they arose very early, and the oldest are found to-
gether with other oldest representatives of main dipteran lineages in the Lower/Middle Triassic of
France (KRZEMINSKI 1998; KRZEMINSKI & EVENHUIS 2000), described below.

Two main synapomorphies in wing venation of the Brachycera are:
—Cu and A1 terminate together in one point on wing margin, or very close to each other
— R4 and R5 are fused over a long section of R4+5.

In the most primitive Rhagionidae, Protobrachyceridae, Acroceridae, Eremochactidae, and
probably Alinkidae, these characters may be not fully expressed, but became so in all more modern
Brachycera.

Triassic Brachycera are very scarce: only Rhagionidae (Tabanomorpha) and Alinkidae (Xylo-
phagomorpha) were found till now. Since the Middle Jurassic the Brachycera became frequent, and
started to dominate in the Cretaceous. The Mesozoic Brachycera are reviewed by NAGATOMI &
YOUNG (1998). Numerous new fossil Brachycera were described recently (KOVALEV 1981, 1982;
MOSTOVSKI 1996, 1997, 1999; MOSTOVSKI & JARZEMBOWSKI 2000 and MOSTOVSKI et al. 2000).
These findings have improved our comprehension of the evolution of this group and will probably
induce profound changes in the phylogenetic system of the Lower Brachycera.

Infraorder: Tabanomorpha

For a long time, the oldest representative of the Tabanomorpha, and of all Brachycera, was con-
sidered Palaeobrachyceron liassinum HANDLIRSCH (1920) from the Lower Jurassic of Germany.
With the present description the origin of the Brachycera is pushed back to the Lower/Middle Trias-
sic. This new species provides evidence of the early origin of Brachycera and of rapid radiation of
the Diptera at the beginning of their evolution.

Tabanomorpha comprise Recent families: Rhagionidae, Pelecorhynchidae, Athericidae, Ver-
mileonidae and Tabanidae. The extinct Protobrachyceridae, because of their close relations with
Rhagionidae, were counted to the Tabanomorpha until MOSTOVSKI & JARZEMBOWSKI (2000)
transferred this family to the Xylophagoidea, to the infraorder Xylophagomorpha.
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Family: Rhagionidae LATREILLE, 1802
Genus: Gallia n. gen.

Diagnosis. R4+5 very short; Rs 3 times longer than R4+5, RS 7 times longer than
R4+5; d cell with petiole; m-cu just behind fork of M3+4.

Type species Gallia alsatica, n. sp., Arzviller, France, Lower/Middle Triassic.

Etymology. Anew genusname is dedicated to an outstanding French paleontologist,
Jean-Claude GALL, whom we owe access to these fascinating materials described herein. Gender:
feminine.

Description ofanew genus iscovered by that of its only species.
Gallia alsatica n. sp.
Fig. 14.

Diagnosis isgivenunder a new genus.

M aterial Holotype No. 6171 (+,-), Arzviller (locality No. 118 b), Vosges Mts, France,
Lower/Middle Jurassic. Coll. L. GRAUVOGEL and J.-P. GALL; housed in the Institut de Géologie de
I’Université Louis Pasteur, Strasbourg, France.

Description. A poorly preserved male of body length c. 5 mm, wing length 3 mm.
Antennae not visible, probably hidden under sediment (further exposing it is risky since the speci-
men is covered with Arabic gum). One wing preserved without greater part of anal field; the second
is heavily folded; one haltere visible; one leg almost complete, without distal part of Sth tarsomere.
Genital apparatus preserved.

Venation (Fig. 14): Sc ending behind midlength of wing; sc-r if present then close to wing base
(no trace of this vein is seen in further, better preserved part of subcostal field); Rb with slight basal
kink; presence of arculus uncertain; four long radial veins terminate in wing margin: R1, R3, R4 and
RS5; R3 twice longer than Rs; R4+5 very short, c. 1/3 of Rs; r-m between 1/3 of R4+5 and 1/3 of
M1+2; d cell 1/5 of wing length; d cell with very short petiole; m-cu just behind M3+4 fork; tips of
Cuand A1 fused (this important brachyceran feature is clearly visible in both counterparts); remain-
ing anal field not preserved.

Leg short and thick, densely covered with bristles. Tibia with at least one strong spur; 1st tarso-
mere half the length of tibia; 2nd tarsomere c. half the length of 1st (proximal segment border a little
uncertain); 3rd and 4th tarsomeres are equal and a trifle shorter than 2th one; distal part of 5th tarso-
mere lacking.

Shape of genitalia difficult to resolve; probably male.

Fig. 14. Gallia alsatica n. sp. — the oldest Brachycera (Rhagionidae; Lower/Middle Triassic, France). A. leg; B. wing (bar
0.5 mm).
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R e marks. The specimen is the oldest representative of Brachycera. Although the pres-
ence of “short antennae” cannot be proved without a risk of destroying the specimen, the character
of Al and Cu fused at their tips places this specimen close to this lineage. Another very primitive
features are: very short R4+5 and d cell with petiole. Generally, all characters of this specimen show
similarity to primitive Rhagionidae, especially those of the Lower Cretaceous of England (MOs-
TOVSKI et al. 2000).

Infraorder: Xylophagomorpha

The oldest representative of this taxon is A/inka cara (Alinkidae) from the Upper Triassic of
USA, originally classified to the Tabanomorpha (KRZEMINSKI 1992). The infraorder comprises Re-
cent Xylophagidae and extinct Archisargidae and Alinkidae. Judging from their fossil representa-
tives, in our opinion also the Acroceridae and Nemestrinidae stay closer Xylophagomorpha and
Tabanomorpha than the Muscomorpha, where they are usually included.

Infraorder: Stratiomyiomorpha

The oldest representatives are the Lower Jurassic Oligophrynidae described by ROHDENDORF
(1962) from Karatau (central Asia) and by ANSORGE & KRZEMINSKI (1994) from England. The infra-
order comprises also fossil family Eremochaetidae (MOSTOVSKI 1996) and Recent families: Stra-
tiomyiidae and Xylomyidae.

Infraorder: Asilomorpha

The taxon comprises the superfamily Asiloidea (Asilidae, Apioceridae, Mydidae, Scenopini-
dae, Therevidae, Bombylidae and Mythicomyiidae). To this infraorder usually also the Empidoidea
are included (families: Empididae and Dolichopodidae). However, we share the opinion of those
authors (HENNIG 1976, CHVALA 1983; YEATES & WIEGMANN 1999) who consider Empidoidea a
sister group of the Muscomorpha, the so called Eremoneura.

Fossil Asiloidea are known since the Middle and Upper Jurassic (USSATCHOV 1968; MoOs-
TOVSKI 1999).

Infraorder: Muscomorpha

Diptera of this infraorder (including the Empidoidea) differ markedly from the other Brachycera
(Lower Brachycera) and deserve a a rank of a separate suborder. Empidoidea existed already in the
Lower Jurassic (MOSTOVSKI 1999), while the majority of the Muscomorpha, the Cyclorrhapha, had
originated not before the Cretaceous (GRIMALDI 1987, 1990; GRIMALDI & CUNNING 1999; MOs-
TOVSKI 1999; KRZEMINSKI & EVENHUIS 2000) and now survive peak of their radiation.

DELFINADO & HARDY (1973, 1975, 1977) proposed to separate the Cyclorrhapha in their own
suborder, but probably the entire Eremoneura should be raised to this rank.

CONCLUSIONS

The Triassic began ca. 245 Ma ago and had lasted 37 Ma, and this was the most important period
of evolution of the Diptera. The oldest specimens come from the Lower/Middle Triassic of France
(ca. 240 Ma), but their morphological diversity indicates that the branching off the Mecoptera had
happened much earlier, probably with the end of the Permian or beginning of the Triassic. These
first Diptera (only five species known!) already offer a surprisingly wide spectrum of their diver-
sity. Save the Neoneura, all other main lineages (Diarchineura, Polyneura, Anisoneura and Bra-
chycera) are represented among these materials and give evidence of rapid, even explosive
radiation of the order, at this first stage of the Diptera evolution.
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The oldest species families known from the Triassic: Grauvogeliidae, Kuperwoodidae, Rhae-
tanidae, Nadipteridae, Tillyardidae, Psychotipidae, Archilimoniidae n. fam., Protorhyphidae and
Alinkidae had numerous plesiomorphic characters in their wing venation. On the other hand, from
the Triassic come some families represented till now: Limoniidae, Rhagionidae and Chironomidae.

Among the last discoveries the most important are the Grauvogeliidae (suborder Diarchineura)
with their primitive venation including a full and functioning anal loop composed of two anal veins.
This venation is plausibly ancestral to all other Diptera (Figs 1 and 3).

According to expectations (KRZEMINSKI 1992; KRZEMINSKI & EVENHUIS 2000), in the Triassic
and Jurassic flourished also other Diptera of this most primitive suborder, now represented only by
Tanyderidae and Psychodidae, while in the Triassic still lived the Kuperwoodidae, Nadipteridae
and Hennigmatidae.

The next exciting finding was the first representative of the Brachycera, Gallia alsatica, n. sp.
Its venation is almost identical with that of primitive Rhagionidae. The idea that Brachycera “must
be” much younger than the Nematocera was so persistent that a find of an Upper Triassic Brachyc-
era in 1992 (KRZEMINSKI 1992) was not acceptable to some dipterists at that time. Now the even
much earlier origin of Brachycera becomes an undeniable fact.

Although the Neoneura are till now absent among the first Diptera from the Lower/Middle Tri-
assic, it was just this group that had changed most rapidly during the Triassic. While the most primi-
tive families: Rhaetaniidae, Tillyardidaec and Eoptychopteridae are characterized by large body
size, the tendency to miniaturization and reduction of wing veins appeared early in suborders Culi-
comorpha: Chironomidae and Ceratopogonidae, and Nymphomyiomorpha.

The Polyneura were never a very diversified group, but compared Triassic, Jurassic and Recent
wing venation patterns illustrate the mode of transition of a longitudinal radial vein R2 into a cross-
vein r-r (Fig. 7). This process had probably been forced by elongating A2 (Fig. 8). Within this sub-
order a tendency to gigantism is visible, expressed in the Tipulidae, Cylindrotomidae and partially
also the Limoniidae. Also one giant representative of Trichoceridae of wing size ca. 2 cm is known
from the Jurassic/Cretaceous (description in preparation).

Anisoneura are already present among the first Diptera from the Lower/Middle Triassic. This
group had evolved explosively during the Triassic, which is evidenced by Protorhyphidae Pro-
cramptonomyiidae, Paraxymyiidae and Crosaphididae (Fig. 10).

In the Triassic the last representatives of the Mecoptera with true dipteroid wing venation — the
Vladipteridae - had died out. This group of Mecoptera probably did not survive a strong concur-
rence of rapidly developing Diptera.
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APPENDIX

Taxonomic system of the Diptera, with Triassic representatives. Those described herein are
marked bold.

Suborder: DIARCHINEURA

Infraorders:
1. Grauvogeliomorpha
Grauvogeliidae:
Grauvogelia arzvilleriana KRZEMINSKI, KRZEMINSKA et PAPIER, 1994 (Lower/Middle Triassic of
France)

Louisa nova, n. sp. (Lower/Middle Triassic of France)
2. Hennigmatomorpha, n. infraorder
Kuperwoodidae, comb. nov.:
Kuperwoodia benefica LUKASHEVICH 1995 (Middle/Upper Triassic of Kyrgyzstan)
3. Nadipteromorpha
Nadipteridae:
Nadiptera kaluginae LUKASHEVICH, 1995 (Upper Triassic of Kazakhstan)
Nadiptera pulchella LUKASHEVICH 1995 (Middle/Upper Triassic of Kyrgyzstan)
Tanus triassicus, n. sp., Lower/Middle Triassic of France

4. Tanyderomorpha
5. Psychodomorpha

Suborder: NEONEURA

Infraorders:
1. Tillyardomorpha, n. infraorder

Tillyardipteridae:
Tillyardiptera prima LUKASHEVICH & SHCHERBAKOV, 1998 (Upper Triassic of Australia)

Rhaetanidae:
Rhaetania dianae KRZEMINSKI & KRZEMINSKA, 2002 (Upper Triassic of Great Britain)
2. Ptychopteromorpha
Eoptychopteridae HANDLIRSCH, 1906 : wing fragment (Upper Triassic of USA)
3. Culicomorpha
Chironomidae MACQUART, 1838:
Aenne triassica KRZEMINSKI & JARZEMBOWSKI, 1999 (Upper Triassic of Great Britain)
4. Nymphomyiomorpha
5. Blephariceromorpha

Suborder: POLYNEURA

Infraorders:

1. Tipulomorpha

Archilimoniidae, n. fam.:

Archilimonia vogesiana, 1. sp., Lower/Middle Triassic of France
Psychotipidae comb. nov.:

Psychotipa predicta SHCHERBAKOV 1995 (Middle/Upper Triassic of Kyrgyzstan)

Psychotipa depicta SHCHERBAKOV 1995 (Middle/Upper Triassic of Kyrgyzstan)
Limoniidae (RONDANI, 1856):

Mabelysia charlesii SHCHERBAKOV 1995 (Middle/Upper Triassic of Kyrgyzstan)

Architipula youngi KRZEMINSKI 1992 (Upper Triassic of USA)
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2. Trichoceromorpha
(?) Gnomuscidae comb. nov. SHCHERBAKOV 1995:

(?) Gnomusca molecula SHCHERBAKOV 1995 (Middle/Upper Triassic of Kyrgyzstan)
(?) Gnomusca renyxa SHCHERBAKOV 1995 (Middle/Upper Triassic of Kyrgyzstan)

Suborder: ANISONEURA

Infraorders:
1. Anisopodomorpha
Protorhyphidae HANDLIRSCH, 1906:
Vymrhyphus expectus, n. sp. Lower/Middle Triassic of France

Vymrhyphus tuomikoskii BLAGODEROV 1995 (MIddle/Upper Triassic of Kyrgyzstan)

Vymrhyphus triassicus BLAGODEROV 1995 (MIddle/Upper Triassic of Kyrgyzstan)
Procramptonomyiidac KOVALEV, 1985:

Yala argentata KRZEMINSKI 1992 (Upper Triassic of USA)

Austrocramptonomyia minuta BLAGODEROV 1998 (Upper Triassic of Australia)

Paraxymyiidae ROHDENDORF, 1946:

Veriplecia handlirschi BLAGODEROV, 1998 (Upper Triassic of Australia)
Crosaphididae KOVALEV, 1983:

Crosaphis anomala EVANS 1971 (Upper Triassic of Australia)

2. Axymyiomorpha
3. Bibionomorpha

Suborder: BRACHYCERA

Infraorders:
1. Tabanomorpha

Rhagionidae LATREILLE, 1802:
Gallia alsatica, n. sp. (Lower/Middle Triassic of France)

2. Xylophagomorpha
Alinkidae KRZEMINSKI, 1992:
Alinka cara KRZEMINSKI, 1992 (Upper Triassic of USA)

3. Stratiomyiomorpha
4. Asilomorpha
5. Muscomorpha



