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Triassic and Lower Jurassic stage of Diptera evolution

WlESLAW KrZEMINSKI

Institute of Systematics & Evolution of Animals, Polish Academy of Sciences, ul. Slawkowska 17,
31-016 Krakow, Poland

This work deals with the Upper Triassic Diptera from USA (Carolina and Virginia, Dan River group).
The representatives of four families are described: Eoptychoptendae (incerta sedis specimen, mfraor-
der Ptychopteromorpha), Yala argentata n.sp. (Procramptonomyiidae, infraorder Anisopodomorpha),
Alinka cara n.sp. (Alinkidae n.fam., infraorder Tabanomorpha), Architipula youngi n.sp. (Limoniidae,

infraorder Tipulomorpha). A new phylogenetical system of Diptera is proposed, based on the
Triassic and Lower Jurassic materials. The order is divided into four suborders: Diarchineura n. suborder,

Neoneura n. suborder, Oligoneura and Polyneura.
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TRIASSIC DIPTERA FROM USA

Introduction

Although the origin and evolution of Diptera have been discussed since more
than 100 years, their direct ancestors and time of appearance remain obscure. The
first fossil Diptera were recorded from younger geological periods: Miocene,
Oligocene and Eocene (Presl, 1822; Heer, 1849; Loew, 1850; Scudder, 1894 and
others). Being very similar to the recent flies, these materials did not contribute
much to our knowledge on the beginnings of Diptera evolution. The discussion on
this subject started with the first Lower Jurassic Diptera, recorded by Handlirsch
(1906-1908, 1937-1939) from German Lias (190 Ma). Later these records became
numerous from Asia (Rohdendorf, 1961, 1964; Kalugina & Kovalev, 1985; Kalu-
gina, 1986, 1989; Kovalev, 1986) and from Europe (Brodie, 1845; Handlirsch,
1906-8,1937-9; Tillyard, 1933; Bode, 1953; Usatchev, 1968; Krzeminski & Kovalev,

1988; Krzeminski & Zessin, 1990).
The older materials are very scarce and show characters difficult to evaluate.

In most cases their classification into the Diptera is doubtful. Tillyard (1929)
described from a single wing the species Permotipula patricia from Australian Upper
Permian (250 Ma) classified then to the Diptera. However, in 1937 he revised his
previous opinion and showed that the single wing was not sufficient to state whether

it was a Diptera or not, as the venation of the hind wings of the so called four-
winged Paratrichoptera is very similar to that of some Diptera. The comparison of
the wing venation of the Mecoptera, Permotipula patricia (Paratrichoptera) and the
Diptera is presented in Fig. 1. The holotype of this species was redescribed by Willmann

(1989b). However, in spite of an intriguing title: "Rediscovered: Permotipula
patricia, the oldest known fly, the author concludes: "Permotipula patricia cannot
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Fig. 1. Wing venation of: a.- Panorpodes paradoxa McLachlan (Mecoptera) fore wing, b.- hind wing,
same species, c- Permotipula patricia Tillyard (Paratrichoptera), d.- Tanyderus fitchii Osten-Sac-
ken (Diptera) (a, b, c after Willmann, 1989a with veins names added).

be one of the direct ancestor of the recent Diptera". Also the so called four-winged
Diptera described from Permian by Riek (1977) do not give us sufficient reasons
for their classification to Diptera (Hennig, 1981).

Rohdendorf (1961, 1964) recorded numerous species of Diptera from Issyk
Kul, dated then Upper Triassic. Later their age was corrected for Lower Jurassic,
probably Sinemurian (200 Ma). Despite of this mistake, for a long time they were
considered to be the oldest known remnants of Diptera.

From the Upper Triassic of Australia, Evans (1971) described a single wing
classified to a new genus Crosaphis of the order Homoptera. The revision made by
Kovalev (1983) proved that the wing belonged to a representative of an extinct
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family Crosaphididae, infraorder Anisopodomorpha (Fig.2). In the same work he

published the drawings of two wings of supposed-to-be Diptera from Ferganskaya
Valley (USSR, Asia) from Middle/Upper Triassic without denoting the species.
Since the specimens are in a very bad condition and the drawings are not fully
reliable, their taxonomie status remains unknown.

2

Fig. 2. Crosaphis sp. (Crosaphididae) - wing (after Kovalev, 1983).

Next record on the Upper Triassic Diptera was published by Olsen et al.
(1978) from North America. The authors supposed that the specimens belonged to
the families Tipulidae and Bibionidae. These materials were made accessible to me
and are described in the present work. The specimens represent four infraorders:
Tipulomorpha, Ptychopteromorpha, Anisopodomorpha and Tabanomorpha and are
the oldest true Diptera known so far. They allow the more intrinsic look into the
beginning of Diptera evolution.

Abbreviations

PMNH Peabody Museum of Natural History, Yale University, New Haven,
USA.

MND(I), MND(III) McAlpine et al, Manual of Nearctic Diptera, I and III
band, respectively.

Materials and methods

The subject of the present work are Upper Triassic Diptera, dealt with in Olsen
et al. (1978). They were found in North Carolina and Virginia (Dan River group),
USA. Their condition is very good owing to a very delicate sediment in which they
are preserved. The collection contains 11 specimens, representing 4 families (and 4

infraorders): Limoniidae (Tipulomorpha) - 7 specimens, Procramptonomyiidae
(Anisopodomorpha) - 1 specimen, Eoptychopteridae (Ptychopteromorpha) - 1

specimen, Alinkidae n. fam. (Tabanomorpha) - 2 specimens and 2 specimens of uncertain

status. Three last families are extinct. All drawings are based on the camera
pictures of the specimens. The specimens were studied and photographed while wetted

with 96° ethanol. The venation nomenclature applied is presented in Fig.l2d.

Systematic part

Infraorder Ptychopteromorpha

This infraorder was created by the authors of MND(I) to separate the family
Ptychopteridae. In MND(III) also the family Tanyderidae is included, although with
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some restraint. In my opinion this infraorder comprises the extinct family Eopty-
chopteridae and the extant family Ptychopteridae, while Tanyderidae does not
belong there (the reasons are given in the chapter on the new system proposed).

Superfamily Eoptychopteroidea

This taxon comprises the single, fossil family Eoptychopteridae from the
Mesozoic. The genera included there are very different, some maybe deserve
raising their status to separate families.

Family Eoptychopteridae Handlirsch, 1906

The family was described from the Lower Jurassic of Europe (German Lias),
with 3 genera included by Handlirsch (1906, 1937) and Bode (1953), and further
5 genera added by Kalugina (1985,1989) from the Jurassic and Cretaceous of Asia.

In the Upper Triassic materials from USA one specimen of this family was
found. Its remnants do not allow assigning it to a genus, although they resemble the
members of two genera: Proptychoptera Handlirsch and Crenoptychoptera Kalugina.

The former comprises 6 species from the German Lias and 2 species from the
Middle Jurassic of Asia. The latter is known from 2 species from Lower and Middle
Jurassic of Asia.

Description of a specimen of uncertain status: Body length ab. 4.5 mm, wing
length 5 mm. Head small; palpi as long as the head, probably 5-segmented. Antennae

partially preserved (Fig.3a), at least equal half of body length; scapus short,
cylindrical; pedicel small, oval; flagellomères very long, cylindrical. Wing (Fig.3b):
only radial field preserved, which is characteristic for the family (compare Fig.8b,c).
Thorax and abdomen well preserved, but genital organs lacking. Sex unknown,
probably male Material examined: No. 100000, Upper Triassic, Virginia, USA. Housed

in PMNH.

3a

3b

Fig. 3. Representative of Eoptychopteridae (Upper Triassic. USA): a.- head with palpus and antenna,
b.- wing fragment preserved.
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Infraorder Tipulomorpha

Superfamily Tipuloidea

Family Limoniidae

An extant family, comprising ca 11000 species of worldwide distribution.
Fossil Limoniidae were found in all the continents beside Antarctica. The most
numerous finds were recorded from Asiatic and European localities, beginning from
Lower Jurassic.

Subfamily Architipulinae Handlirsch, 1906

Handlirsch (1906) described several species from German Lias (Lower Jurassic,

Toarctian), counted to a new fossil family Archi tipulidae. Kalugina (1985)
lowered its status to a subfamily, since no conspicuous differences distinguishing
the fossil species from the recent Limoniidae could be stated. Other representatives
of this subfamily were recorded from Europe and Asia by Handlirsch (1937-39),
Bode (1953), Rohdendorf (1961, 1964), Tillyard (1933), Kalugina (1985, 1986),
Krzeminski & Kovalev (1988) and Krzeminski & Zessin (1990).

Genus Architipula Handlirsch, 1906

Till now ca. 30 species were recorded from European and Asiatic Jurassic and
Cretaceous, but the majority of them should be revised.

Architipula youngi n.sp.

Diagnosis: small species of body length ca. 3 mm. Vein Rl very long; cross-
vein r-r at the end of Rl ; proximal part of d cell very narrow, almost triangular.

Origin of name: the species is dedicated to Dr Chen W. Young from the
Carnegie Museum of Natural History, Pittsburgh, a specialist of recent Limoniidae.

Description: small head, with medium sized, oval eyes. Palpi unidentificable;
antennae partially preserved (Fig.4a), nearly twice longer than the head, probably
14-segmented; scape and pedicel invisible, flagellomères short and thick, with
single bristles not much longer than the segments. Wing (Fig.4b): 3.2 mm long,
narrow. Right wing folded, left one with folded anal part. Sc rather short, not reaching
fork of Rs; cross-vein sc-r faint, probably at the end of Se; RI very long, its distal
section subsinuous; cross-vein r-r (R2) faint, at the Rl tip; Rs twice shorter than R5;
four medial veins present; upper part of d cell equal petiole of Ml and M2 and
somewhat shorter than Ml; d cell small, its length equal 1/7 of wing length and a
little shorter than M3, proximal angle of d cell almost regularly triangular; cross-
vein m-cu just before M3+4 fork; A2 only partially identifiable. Legs not preserved.

Only 8 segments of abdomen preserved, genital organ not preserved. Sex
unknown.

Material examined: holotype No 1103 (+,-), Upper Triassic, USA, Virginia.
Other materials: No. 30077; No.3; YEN 1167; No. 100000 - all in very bad condition.

Housed in PMNH.
Remarks: the species differs from the other representatives of the genus in the

shape of d cell being more triangular and shorter antennae, composed of thick
segments.
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Fig. 4. Architipula youngi n. sp., Limoniidae (Upper Triassic, USA), holotype: a.- antenna, b.- wing

Infraorder Anisodopomorpha

The taxon was proposed by Krovosheina (1988), to enclose the families: Tri-
choceridae, Canthyloscelidae, Scatopsidae, Mycetobiidae and Anisopodidae. For
the reasons given in the chapter Discussion the first one apparently does not belong
there. In the Upper Triassic and Lower Jurassic the Anisopodomorpha were very
numerous and variable. The taxon is divided into two superfamilies: Anisopodoi-
dea and Mycetobioidea. The representatives of both are known from the Mesozoic.

Superfamily Anisopodoidea

Flies enclosed here were characterized by the d cell closed and four medial
veins present (while in Mycetobioidea d cell is open and one medial vein reduced).
In Lower and Middle Jurassic the superfamily was represented by 3 families: Pro-
torhyphidae, Procramptonomyiidae and Siberhyphidae.

Family Procramptonomyiidae Kovalev, 1985

An extinct family described by Kovalev 1985) from Lower and Middle Jurassic

of Asia with two species of the genus Procramptonomyia.

Genus Yala n. gen.

Diagnosis and description of the genus is identical with these of the type species

Yala argentata n.sp., the only representative of the genus.

Yala argentata n.sp.

Diagnosis: three branches of Rs present; d cell closed; M4 fork almost in the
middle of d cell base.

Description: wing length 3.3 mm, body length 5 mm. Head small, palpi
invisible. Antennae (Fig.5a) a little longer than the head, probably 11-segmented; scapus

long and thick, cylindrical; pedicel large and rounded; 1st flageilomere very
thick, barrel-like, the following become gradually narrower and longer. Wing
(Fig.5b) wide; Sc long, reaching beyond Rs fork; cross-vein sc-r nearly in the middle
of Sc, opposite Rb fork; Rl long; cross-vein r-r (R2) absent; Rs rather short, ab. 1/3

shorter than R3, which is slightly curved to costal margin; R4+5 very short, equal
1/14 of R4; R4 and R5 long, distal 1/3 of the latter curved towards anal margin;
cross-vein r-m positioned in 2/3 of Ml+2 and connecting this vein to R5; M1+2
fork in 2/3 of d cell length; cross-vein m-m connecting M2 and M3; M3+4 fork
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almost opposite the middle of d cell base; d cell closed; cross-vein m-cu almost in
the middle of M3+4. Legs slender, probably without tibial spurs. Male genital organ
(Fig.5c) well preserved. Gonocoxites short, thick, gonostyles probably single,
broad, deeply forked. I could not state with certainty whether the distinct structure
between them is an aedeagus or sternite process, or proctiger.

Sc EaRi
™a

% ?>. M
¦>>

M
A^CTTM«™3

Fig. 5. Yala argentata n. sp., Procramptonomyiidae (Upper Triassic, USA), holotype: a.- antenna (sc
- scapus, p - pedicel), b.- wing, c- hypopygium.

Material examined: holotype No. 16826 (+,-), male, Upper Triassic, Virginia,
USA. Housed in PMNH.

Infraorder Tabanomorpha

Superfamily Tabanoidea

Family Alinkidae n. fam.

Genus Alinka n. gen.

Diagnosis of the family and genus is identical with those of the only known
species, Alinka cara n.sp from Upper Triassic, USA.

Origin of name: the new genus name is dedicated to my daughter.
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Alinka cara n.sp.

Description: wing length 2.3 mm, body length ab. 3.5 mm. Head partially
preserved in male only, palpi invisible. Antennae (Fig.6a) twice longer than head, 10-

segmented; scapus short, thick; pedicel large, thick, rounded; 1st flageilomere thick,
longer than each of 3 following; 4 terminal ones longer and narrower,
spindlelike.Wing (Fig.6b): wide, with large anal field and conspicuous stigma. Vein Sc

reaching beyond Rs fork; cross-vein sc-r almost in the middle of Sc and just before Rb
fork; cross-vein r-r (R2) absent; R3 long and slightly curved toward costal margin;
R4+5 very long; R4 short, curved toward costal margin; cross-vein r-m between Rs

fork and the middle of d cell upper part; cross-vein m-m connecting M2 and M3;
M3+4 fork almost in 1/2 of d cell base; d cell large, as long as 1/4 of wing length;
cross-vein m-cu just beyond Mb fork. Cu and Al cannot be reconstructed exactly.
Legs short, probably spurless. Male genital organ poorly preserved. Female genital
organ presented on Fig.6c.

H «i5^

">>
o>

Mq
Cu M

Fig. 6. Alinka cara n. sp., Alinkidae n. fam. (Upper Triassic, USA), holotype: a.- antenna (sc -

scapus, p - pedicel), b.- wing, specimen No. 400000, c- female abdomen.

Material examined: holotype No. 100000, male. Other materials: No. 400000,
female, Upper Triassic, Virginia, USA. Housed in PMNH.

PHYLOGENETICAL SYSTEM OF DIPTERA PROPOSED

Rohdendorf's system revised

The first comprehensive trial of including the paleontological data into the
phylogenesis of Diptera was attempted by Handlirsch (1906-1908, 1909). A first
and till now only complete taxonomie system based on fossil and Recent Diptera
was created by Rohdendorf (1964). The author divided the order Diptera into two
suborders: Archidiptera and Eudiptera. The former encloses 4 extinct families,
described by him from 6 specimens, representatives of 6 species. Rohdendorf's work
was criticized by Hennig (1968, 1981) who suspected that Rohdendorf had
misinterpreted the wing venation in some cases. This opinion was confirmed by Kovalev

(1987).
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Together with late Dr V. Kovalev we have restudied materials from the Roh-
dendorf's collection that constituted the suborder Archidiptera and stated that they
all belong to the known families of Tipulomorpha and Bibionomorpha. Thus the
suborder Archidiptera does not exist. The Tipulomorpha specimens are on the way
to be revised by me and will be published later. The part dealing with the Bibionomorpha

was to be published by Dr. V. Kovalev, but his sudden death made this
impossible.

Nevertheless, I wanted to present the final conclusions already now, as the
Rohdendorf's system is still being discussed. Dictyodiptera multinervis Rohdendorf,

1961 (Dictyodipteridae) does not belong to Diptera; Dipterodictya tipuloides
Rohdendorf, 1961 (Dictyodipteridae) belongs to Limoniidae; Diplopolyneura
mirabilis Rohdendorf, 1961 (Diplopolyneuridae) belongs to Limoniidae; Dyspoly-
neura longipennis Rohdendorf, 1961 (Dyspolyneuridae) belongs to Protopleciidae
(Bibionomorpha); Paradictyoptera trinalis Rohdendorf, 1961 (Dictyodipteridae)
and Hyperpolyneura phryganoides Rohdendorf, 1961 (Hyperpolyneuridae) belong
to the infraorder Bibionomorpha, but their bad state of preservation does not allow
the classification to the families.

u —

o

mi 1iIi I¦I i ÉmI i iii mi iI mm

2 a 2bRhoetic

Hennig
(1968 b)

Fig. 7. Phylogenetical tree of Diptera (after Hennig. 1968).

After a rejection of Rohdendorf's system we are left with the systems based
only on the recent materials, with the Hennigian one being most widely accepted
(Fig.7), although subjected to numerous modifications by the author himself (1968,

47



WIESLAW KRZEMINSKI

\ vr

Fig. 8. Main evolutionary trends in wing venation of Triassic/Lower Jurassic Diptera. Apomorphies:
0 - basic apomorphies of Diptera (see text); 1 - long R2 absent; 2 - sc-r absent; 3 - r-r absent; 4 - reduction

of radial and medial veins; 5 - long A2; 6 - d cell raised over Mb level; 7 - R3+4 present; 8 -

R4+5 very long. Wings: a.- Tanyderidae (German Lias, Lower Jurassic), b.- and c- Eoptychopteridae
(b. Proptychoptera sp., German Lias, Lower Jurassic; c. Eoptychopterina sp., Siberia, USSR, Lower
Jurassic), d.- Procramptonomyiidae: Yala argentata n.sp. (Upper Triassic, USA), e,- Alinkidae n.fam.:
Alinka cara n.sp. (Upper Triassic, USA), f.- Trichoceridae representative (Siberia, Middle Jurassic),
g.- and h.- Limoniidae (g.- Praearchitipula sp., Siberia, USSR, Lower Jurassic, h.- Architipula sp.,
German Lias).
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1981) and by other authors. The review of almost all the papers dealing with
phylogenetic systems of Diptera is presented in the MND(III), plus the authors' own
proposition. To their list the work of Kovalev 1987) should be added, in which the

phylogenetic tree of Diptera is presented (to the level of infraorder and superfamily),
based on the Recent and some fossil taxons included. Some chosen aspects of the

Diptera phylogenesis are dealt with in the work of Krivosheina (1988).

The new system proposed

A starting point of the proposed system is the wing venation of Tanyderidae
(Fig. ld, 8a). That this is the most archaic group of Diptera is well documented. Hennig

(1981, p. 427) wrote: "The venation of the Tanyderidae is more primitive than
that of all the other Diptera, except in the reduction of the 2nd anal vein: the radial
sector has four branches which reach the wing margin independently; the discal cell
is large and is situated at the middle of the wing; and the anal lobe is broad. It is

surprising that such a primitive venation has not been found in any of the Mesozoic
fossils" (my underlining).

Comparing the venation of Tanyderidae to Permotipula patricia Til. (Fig.lc)
I came to the conclusion, that this type, with short anal vein is primitive
(plesiomorphic), and the long A2 (as in Tipulomorpha) is a derived apomorphy. The type
of anal field venation represented by the Tanyderidae is consistent with that of
Permotipula patricia and some other fossil insects laying between Diptera and Mecop-
tera.

The characters regarded by Hennig as the most primitive (listed above) are
dominating in Triassic and Lower Jurassic Diptera (Kovalev in Kalugina & Kovalev,

1985; Kalugina, 1986; Krzeminski & Zessin, 1990). So the intuition of Hennig

has been supported by the fossil evidences.
As a consequence of the change of polarity of A2 character, the entire system

of Diptera ought to be changed. Analyzing the venation of Triassic and Lower Jurassic

specimens led me to the conclusion that already then the Diptera were divided
into four separate evolutionary lineages, (which I propose to give a suborder
status): Diarchineura n. suborder, Neoneura n. suborder, Polyneura Brauer and Oli-
goneura Brauer. They are described below.

Order Diptera

Suborder Diarchineura n.suborder

Venation (Fig.ld, 8a): cross-vein sc-r always at the end of Sc; five long radial
veins terminating in wing margin; cross-vein r-r absent; four medial veins present;
cross-vein m-m connecting M2 and M3; d cell, if present, always very long and
always below level of Mb (i.e., M1+2 lies in the straight prolongation of Mb); cross-
vein m-cu just beyond fork of Mb; A2 always very short.

From Triassic and Lower Jurassic only the family Tanyderidae (infraorder
Tanyderomorpha) is known. Recently also the family Psychodidae (infraorder Psy-
chodomorpha) belongs there.

Suborder Neoneura n. suborder

Venation (Fig.8b, c): cross-vein sc-r absent; only four long radial veins escaping

in wing margin; cross-vein r-r (R2) present; in fossil representatives three or
four medial veins present; cross-vein m-m connecting either M2 and M3 or M1+2
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and M3; d cell always very long and below level of Mb, like in Diarchineura (in the
Recent Ptychopteridae d cell is open, i.e. m-m absent); cross-vein m-cu just beyond
fork of Mb; A2 very short.

From Triassic and Lower Jurassic only the extinct family Eoptychopteridae
known. Recently only the family Ptychopteridae belongs here.

Suborder Oligoneura Brauer, 1863

Venation (Fig.8d, e): cross-vein sc-r if present then generally far before end
of Sc; radial veins usually reduced, rarely all four present; cross-vein r-r (R2) absent;
medial veins also reduced, rarely all four present; cross-vein m-m if present then
usually connecting M2 and M3; d cell if present then usually long and always below
level of Mb; cross-vein m-cu usually just beyond fork of Mb; A2 absent or very
short.

From Triassic and Lower Jurassic families: Rhaetomyiidae, Chaoboridae,
Chironomidae, Procramptonomyidae, Protorhyphidae, Eopleciidae, Crosaphididae,
Protopleciidae, Pleciofungivoridae, Pleciomimidae, Boholdoyidae, Protoscapsidae,
Alinkidae, Vermileonidae and Rhagionidae are known. Recently all the remaining
families of Diptera belong there.

Suborder Polyneura Brauer, 1863

Venation (Fig.8f, g, h): cross-vein sc-r at end or near middle of Se; no more
than four radial veins escaping in wing margin; if all four present, then R4 and R5

separate over their entire length; cross-vein r-r (R2) usually present; three or four
medial veins present; cross-vein m-m if present then always connecting M1+2 and
M3 (i.e. Ml and M2 with petiole); d cell usually small and always over the level of
Mb (i.e. most proximal section of Ml+2 curved upwards and not forming straight
prolongation of Mb): cross-vein m-cu in fossil representatives between middle of d
cell base and fork of M3+4 (while in recent species usually positioned more
centrally). From Triassic and Lower Jurassic only Limoniidae and Trichoceridae
known. Recently also Tipulidae and Cylindrotomidae.

The new phylogenetical system of Triassic and Lower Jurassic Diptera is
presented in Fig.8. It is illustrated exclusively by the wings of fossil insects of this time.

Comments
1. By the symbol "apomorphy 0" is understood the list of characters

distinguishing Diptera from the Mecoptera, as: one pair of wings preserved (homologous
with fore wings of Mecoptera), haltères, single long Sc, single Cu, two anal veins
present and broad anal lobe. The possible relations of Mecoptera, Diptera and groups
between them (Paratrichoptera and Nannochoristidae) are presented on Fig.9.
However, before the revision of Paratrichoptera is done, the further discussion on
the supposed sister group of the Diptera is fruitless.

2. Diarchineura represent the most primitive type of venation with five long
radial veins reaching wing margin, large d cell situated below the level of Mb, cross-
vein m-m connecting M2 and M3 and a very short A2.

3. The first apomorphy visible in the fossil material, that can separate all the
other Diptera from Diarchineura, is the reduction of one radial vein, R2 (apomorphy

1). This way the Neoneura had branched off from the Diarchineura. It is not
clear whether R2 takes a position of a cross-vein (i.e. becomes the cross vein r-r),
or r-r arises independently. Within the Diptera both examples of cross-veins origin
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Fig. 9. Hypothetical relations between Mecoptera and Diptera: a.- after Tillyard, 1919, b.- after
MND(III), e- after Willmann, 1989a.

are known (see also the discussion on homology of veins in this paper). Whatever
the origin of r-r would be, the type of venation represented by the Neoneura was
shared by all the subsequently arising groups from the Triassic on. The character
"sc-r absent" (apomorphy 2) is shared by all the Neoneura known so far (i.e., a fossil

family Eoptychopteridae and the Recent Ptychopteridae). It is marked as an
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Fig. 10. Phylogenetical tree of Diptera: a.- Lower Triassic (hypothetical), b.- Upper Triassic (based
on fossils).

incomplete apomorphy, because there are very rich materials of Eoptychopteridae
not described yet and maybe some genera may have sc-r. If this character appears
to be a strong apomorphy, then in all the Diptera (beside the Diarchineura) sc-r
whenever present, would be an independently acquired character (homoplasy). This
would have its consequences for the entire system of Diptera.

4. The Oligoneura, being very similar to the Neoneura, is distinguished from
the remaining suborders by the cross-vein r-r absent (apomorphy 3) and the
tendency to reduction of radial and medial veins (apomorphy 4). This latter is marked
as an incomplete apomorphy, because in the oldest fossil Oligoneura (Protocramp-
tomyiidae and Alinkidae) all four radial and four medial veins are present. The
reduction is observed in younger families (Crosaphididae, Eopleciidae and others -

see Fig.2). The Oligoneura became very expansive and gave rise to the majority of
the Recent Diptera. Already in the Triassic they have separated into two infraorders:

Anisopodomorpha and Tabanomorpha (apomorphy 8: very long R4+5).
5. The Polyneura is characterized by long A2 vein (apomorphy 5) and d cell

positioned over the level of Mb (apomorphy 6). The vein R3 is reduced and fused

52



TRIASSIC AND LOWER JURASSIC STAGE OF DIPTERA EVOLUTION

DIARCHINEURA POLYNEURA NEONEURA OLIGONEURA

ra
.c
OL

0
£7T
o %

<D î
Tt "2

> z

.n
o.

E
0 5

2

EL |

tP
-C
Q.

O

ET
2-s
m s
O <j
O 2
£ "3
U £

CD

.C
a
j..: ï
5

| I
a. |
1!

a
°|<o S

OE§Ì
U-S-c g III -illHl

— riainü ¦û£*i.E"a*L

tu
.C

a

E -S,
0 m |"2

«Ili

11

Fig. 11. Phylogenetical tree of Diptera in Lower Jurassic (based on fossils).

with R4 over a shorter or longer section in a majority of species (apomorphy 7).
However, there are some fossil (Mesotipula Handlirsch) and Recent (Tricyphona
Zetterstedt) genera more archaic, with these veins fully separated. An additional
character, present in the entire Polyneura is the cross-vein m-m connecting M1+2
with M3 (=M1 and M2 with petiole). It is not marked as an apomorphy, because
also two genera of Eoptychopteridae (Ptychopterina Kalugina and Eoptychopte-
rina Kalugina) share it.

The Figs 10 and 11 present the phylogenetical tree of Diptera and its evolution:

in the Lower Triassic (10a -hypothetical situation), in the Upper Triassic (10b)
and Lower Jurassic (11). Both last trees are evidenced by the fossil representatives
of the families, described so far (including the present paper).

It should be noticed that if we would confine ourselves strictly to the cladistic

rules, the construction of a reliable phylogenetic tree would not be possible. Both
fossil and Recent data indicate that all the main four lineages of the Diptera:
Diarchineura, Neoneura, Polyneura and Oligoneura had branched off from their
respective stem groups and are represented in the Recent fauna (and had not branched
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with the extinction of ancestors). As a consequence the suborders: Diarchineura and
Neoneura are defined - from a cladist's point of view - only by plesiomorphies. It
should not be missed that these characters: venation of the Diarchineura and
characters "1" and "2" of the Neoneura were once apomorphic, when these suborders
were branching off. They had become automatically plesiomorphic when the next
lineages had branched off.

Analysing these figures we can try to answer some questions concerning
relations between different groups of Diptera.

Tanyderidae is closer to the Ptychopteromorpha than to Tipulomorpha and yet
cannot be included in any of these two groups.

Brachycera is closer to the Anisopodomorpha than to Bibionomorpha: this
former is more archaic what can be stated while comparing the venation of the fossil
Anisopodomorpha and the fossil Bibionomorpha. Brachycera (represented by the

Tabanomorpha) is the sister group of Anisopodomorpha and not of the entire
Nematocera. Trichoceridae belong clearly to the Polyneura. There are no reasons for including

them into Psychodomorpha (which belong to a different suborder, Diarchineura).

The place of the Culicomorpha in the Oligoneura leaves no doubts: the taxon
is present on Fig. 11, because the representatives of the Rhaetomyidae, Chaobori-
dae and Chironomidae were found in the Lower Jurassic. Dixidae were stated in the
Lower Cretaceous, while the Culicidae were not found before the Paleocene (Kalugina

in Kalugina & Kovalev, 1985; Kalugina, 1986). The great similarities
between Tanyderomorpha, Psychodomorpha, Tipulomorpha, Trichoceromorpha,
Ptychopteromorpha, Anisopodomorpha and Tabanomorpha are caused by their
evolutionary proximity. These lineages had originated in the first stages of Diptera
evolution, while the rapid radiation of Diptera from the Middle Jurassic to the Upper
Cretaceous had obscured the clear Triassic and Lower Jurassic relations. Hence our
difficulties in estimating the true importance of characters and relations, if we
confine ourselves to the Recent forms.

Discussion on the homology of veins

How difficult it is to establish the homologies in wing venation within the
Diptera, is best reflected in the existence of several nomenclature systems being now
in use (reviewed in MNDI and III). The main inconsistencies between them are
listed below, with author's own opinion based on the venation of fossil specimens.

a) Subcostal vein field. - The cross-vein sc-r of the "ground plan" of MND
(Fig. 12b) is in Tipulomorpha considered to be the long vein Sc2. The tip of Rl is
sometimes called Sc2 and sometimes Rl+2, with the position of sc-r being identical

in both cases. Different names are given to the same veins within one subgenus,
Limonio (Metalimnobia) (Fig. 13).

In my opinion the "ground plan" of subcostal veins should be applied to
Tipulomorpha, too. It is less risky to consider sc-r a true cross-vein, not homologous to
Sc2 of Mecoptera, since two subcostal long veins were never found in the fossil
Diptera. The only group that could be taken under consideration when discussing
this homology, is the Diarchineura. In Neoneura sc-r is absent and probably arises
independently in Polyneura and some Oligoneura. Its position is very variable and
seems to support this hypothesis.

b) Radial field - For Tipulomorpha the authors of MND applied their system
after Alexander (1927, 1929), who divided Tipuloidea Tipulidae in his system)
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Fig. 13. Different names given to Rl within one subgenus, after MND(I): a.- Limonio (Metalimnobia)
triocellata (O.-S.), b.- Limonici (Metalimnobia) immatura (O.-S.).

into two lines of specialization. One is characterized by 5 radial veins, with R2
taking the position of the cross-vein (cross-vein homologous to R2 Fig. 14). Here
were included: Pediciinae, Hexatominae and Eriopterinae of the family Limoniidae

Pediciini, Hexatomini, Eriopterini within the Limoniinae, according to Alexander).

In the second group the cross-vein is not homologous to R2, and there are four

14

15

16

Fig. 14-16. Examples of radial field venation in Limoniidae: Fig. 14. Prolimnophila areolata (O.-S.),
Hexatominae (after Alexander, 1927). Fig. 15. Reduction of R3 in the genus Psaronius Enderlein
(after Alexander, 1927). Fig. 16. Two cross-veins in rl cell, Dicranota (Eudicranota) pallida Alexander,

after MND(I).
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long radial veins: Rl, R2, R3 and R4+5. Here belong Architipulinae, Techriinae
and Limoniinae from the family Limoniidae, and also families Tipulidae and Cylin-
drotomidae (Architipulinae, Lechriini and Limoniini from the subfamily Limoniinae,

Tipulinae and Cylindrotominae according to Alexander).
The Alexander's idea of two lines of specialization in Tipulomorpha is not

consistent with the following facts. The family Architipulinae (2nd line) undoubtedly

belongs to Limoniidae and comprises the oldest representatives of this family
known from Triassic. In the wing venation, palpi, legs and genital organs shape,
Architipulinae show greatest resemblance to Hexatominae (unpublished data, in
preparation), who is classified to 1st line. If in the oldest Limoniidae r-r is a cross-
vein, it could not be homologous with R2 in the younger families (Tipulidae and
Cylindrotomidae).

In the next member of 2nd line, subfamily Limoniinae, which is the youngest
of the Limoniidae subfamilies, the reduction of the next radial vein is observed and
only three radial veins terminate in wing margin. Whenever the cross-vein r-r is
present, its position is like in Architipulinae and Hexatominae, regardless how this
reduction was executed (Fig. 13). The presence and position of cross-vein r-r is not
fixed within the family, it is often absent (as in genera Gonomyia Meigen and Helius
Lepeletier et Serville), fused with R3 (Fig. 15) and may probably arise independently.

Besides, in the rl cell two cross-veins may occur (Fig. 16). Summarizing,
the origin of this cross-vein in Diptera can be only the subject of speculation and
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Fig. 17. Fusion of Cu2 with Al in Mecoptera: a.- Panorpodes paradoxa McLachlan - hind wing, b.-
Neopanorpa furcata (Hardwicke) - hind wing. Both after Wii.i.mann. 1989a.
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the idea of Alexander as well as other arbitrarily introduced conceptions rather have

no chance to be proved. Basing on the venation of Diarchineura, we can only
suppose that if whenever the cross-vein r-r is homologous to R2, it is so in the oldest
Tipulomorpha (Architipulinae).

c) Medial, cubital and analfield - In MND, vein M4 is called CuAl. This idea
was already criticized by Byers (1989). Quite contrarily, Wootton & Ennos (1989)
proposed four medial veins in Diptera and for the second cubital vein they have
taken AI (Fig. 12c). Since none of these propositions is sufficiently evidenced, it is
sensible to leave the traditional nomenclature of medial, cubital and anal veins after
Tillyard (1926) who assumed only one, fully developed cubital vein in Diptera.
The loss of one cubital vein of Mecoptera could happen by one of three ways: fusion
of two cubital veins, reduction of one vein or its transformation into CuP, or fusion
of cubital CuP and Al which is often observed in this group, however mainly in
hind wings (Fig. lb, 17). In this case the veins Al and A2 of Diptera would be

homologous to A2 and A3 of Mecoptera, respectively.
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RÉSUMÉ

Ce travail est consacré à l'étude de quelques Diptères du Triassique supérieur provenant des Etats-
Unis (Caroline et Virginie, Dan River group). Les représentants de quatre familles sont décrits:
Eoptychopteridae (spécimen incertain, infra-ordre Ptychopteromorpha), Yala argentata n.sp.
(Procramptonomyiidae, infra-ordre Anisopodomorpha), Alinka cara n.sp. (Alinkidae n.fam., infra-ordre
Tabanomorpha). Architipula youngi n.sp. (Limoniidae, infra-ordre Tipulomorpha). Un nouveau système
phylogénique des Diptères, basé sur des matériaux du Triassique et du Jurassique inférieur, est
proposé. L'ordre des Diptères est divisé en quatre sous-ordres: Diarchineura n. sous-ordre, Neoneura n.
sous-ordre. Oligoneura et Polyneura.
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