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Mesozoic fossils and the phylogeny of Tipulomorpha (Insecta: Diptera)
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Tipulomorpha are known back to the Triassic but are very rare in the fossil record of that period. The oldest tipuloid genus,
Archilimonia Krzeminski & Krzeminska, 2003, is redescribed based on the type and a new species from the Middle
Triassic (early Anisian, 242-247 Ma) of the northern Vosges Mountains, NE France. Male terminalia of Triassic
Tipulomorpha are described for the first time: a terminal gonostylus divided into a fleshy setose clasper and a lobe in
Archilimonia grauvogeliana sp. nov. The systematic position of Archilimonia is investigated based on morphological
characters of both extant and extinct taxa of Tipulomorpha and other infraorders. Our cladistic analysis is congruent with
the family-level relationships recovered by the most recent phylogenetic studies of Tipulomorpha, and the position of
some extinct taxa is discussed. The divided gonostylus is considered a synapomorphy of Tipuloidea except Pediciidae, so
in our analyses we place Archilimonia between Pediciidac and other Tipuloidea (Limoniidac + (Tipulidac +
Cylindrotomidae), with two other Triassic tipuloid genera (Mabelysia and Metarchilimonia). The family Tipulidae

including the Mesozoic genus Tipunia is monophyletic, so Tipulidae has existed since the Late Jurassic.

http://zoobank.org/urn:lsid:zoobank.org:pub:4COBAS500-A928-4C83-ABE1-8B42BB01A803
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Introduction

Tipuliformia was proposed by Hennig (1954), and subse-
quently referred to as Tipulomorpha (Hennig 1968, 1973),
to include the winter crane flies (Trichoceridae) and Tipuloi-
dea (families Limoniidae, Tipulidae and Cylindrotomidae).
The systematic position of Tipulomorpha within Diptera
and its familial composition are contentious issues
(reviewed by Ribeiro 2008). Despite gaps in our understand-
ing of the evolutionary patterns of the Tipulomorpha, the
following conclusions can be drawn from the most recent
studies (Ribeiro 2008; Petersen et al. 2010; Zhang et al.
2016; Kang et al. 2017): Trichoceridae is probably the sister
group of the Tipuloidea; Pediciidae is likely the sister group
of the other Tipuloidea families; Limoniidae is a paraphy-
letic taxon, with some of its members more closely related
to the Tipulidae-Cylindrotomidae clade; and Tipulidae and
Cylindrotomidae are monophyletic sister groups.
Tipulomorpha are known back to the Triassic but are
very rare in the fossil record of that period. The oldest
described members of Diptera are known from the Middle
Triassic of the northern Vosges Mountains, northeastern
France (Krzeminski et al. 1994), in the Anisian (242-247
Ma) Gres a Voltzia Formation of the Upper Buntsandstein

(Gall 1971, p. 184; Aristov et al. 2011; Durand 2013).
Several thousand insects and other fossils from the Gres a
Voltzia were collected by Louis Grauvogel (Grauvogel
1947a, b). His private collection was carefully kept by his
daughter Lea Grauvogel-Stamm and is now housed in the
Staatliches Museum fuir Naturkunde, Stuttgart, Germany.
Louis Grauvogel not only found impressions, but also
identified them to order level: some of his finds labelled
as Diptera were subsequently described (Krzeminski et al.
1994; Krzeminski & Krzeminska 2003; Lukashevich
et al. 2010).

Within Tipulomorpha, a single species has been so far
described from the Gres a Voltzia: Archilimonia vogesi-
ana Krzeminski & Krzeminska, 2003. The species is hith-
erto known only from a single specimen. Archilimonia
vogesiana was included in the monotypic family Archili-
moniidae, considered basal to all other Tipuloidea (Krze-
minski & Krzeminska 2003). Later, Blagoderov et al.
(2007) provided a comprehensive phylogenetic analysis
of Diptera including many extinct Mesozoic genera such
as Viadiptera Shcherbakov in Shcherbakov et al. (1995),
Dilemmala Shcherbakov in Shcherbakov er al. (1995),
Psychotipa Shcherbakov in Shcherbakov ef al. (1995) and
Mabelysia Shcherbakov in Shcherbakov et al. (1995).

*Corresponding author. Email: elukashevich@hotmail.com

© The Trustees of the Natural History Museum, London 2018. All rights reserved.

Published online 06 Apr 2018


http://crossmarksupport.crossref.org/?doi=10.1080/14772019.2018.1448899&domain=pdf
http://zoobank.org/urn:lsid:zoobank.org:pub:4C0BA500-A928-4C83-ABE1-8B42BB01A803
mailto:elukashevich@hotmail.com
https://doi.org/10.1080/14772019.2018.1448899

636 E. D. Lukashevich and G. C. Ribeiro

These genera were included in Tipulomorpha by Shcher-
bakov et al. (1995), and this was followed by Blagoderov
et al. (2007) based on their cladistic study. Archilimonia
was placed in Limoniidae in its own subfamily, and con-
sidered the sister of Metarchilimonia Blagoderov & Gri-
maldi in Blagoderov et al. (2007), a genus containing two
species from the Late Triassic of North America (late Car-
nian of Virginia, 228-235 Ma).

One of the significant features of the Vosges Lagerstatte
is the completely articulated preservation of some of the
flies. The only other known case of such preservation in
the Triassic is from the late Carnian of Virginia. Most
other Triassic flies are only known as isolated wings
(reviewed by Lara & Lukashevich 2013). Therefore,
description and illustration of body characters of Vosges
true flies are possible; however, photographs were never
published in earlier papers. This deficiency is partly cor-
rected here with photographs of the holotype of Archili-
monia vogesiana as well as photographs and illustrations
of a new species found by one of us (EDL) in the collec-
tion of Louis Grauvogel and described herein. With
knowledge of the detailed morphology of the new species
of Archilimonia, the systematic position of the genus is
investigated in a comparative framework including both
extant and extinct taxa (Triassic as well as some Jurassic
and Cretaceous genera). A discussion of the early patterns
of diversification and minimum ages of the main Tipulo-
morpha clades, based on the systematic position of fossils,
is provided.

Material and methods

Material

Triassic insects are known from 13 localities in the north-
ern Vosges Mountains (Sinitshenkova et al. 2005). Dip-
tera occur in four localities. The holotype of Archilimonia
vogesiana was found by Louis Grauvogel in Bust (Bas
Rhin, France) and the additional specimen belonging to a
new species was found by him in Arzviller (Moselle,
France), in lens 118b together with c. 80 other dipteran
impressions. The distance between the two localities is
12 km. Both specimens were housed in the private collec-
tion of L. Grauvogel, Strasbourg, France for many years,
but since April 2017 they have been kept in the Staatliches
Museum fiir Naturkunde, Stuttgart, Germany (SMNS).
They were photographed using a Leica MZ9.5 stereomi-
croscope with Leica DFC420 digital camera, and photos
were edited using Adobe Photoshop CS 9.0 software.

Terminology

The infraorder concept generally follows the classification
of Hennig (1968, 1973). The terminology applied to the
wing veins follows the interpretation of Wootton & Ennos

(1989) adopted by Shcherbakov et al. (1995) and recently
with minor changes adopted as the standard for use
throughout the Manual of Afrotropical Diptera (Cumming
& Wood 2017). Terminology applied to the gonostylar
branches of the male genitalia follows Ribeiro (2006).

Phylogenetic analysis

The phylogeny was estimated using the morphology of 47
exemplar taxa of Diptera, representing 25 Mesozoic spe-
cies belonging to 15 genera and 22 extant species in 21
genera of Diptera, and three species in three genera of
Mecoptera. Our ingroup taxa included extinct and extant
Tipulomorpha. As outgroups, we used living representa-
tives of Mecoptera, Pachyneuridae, Cramptonomyiidae,
Tanyderidae and several Triassic Psychodomorpha
(Grauvogeliidae, Nadipteridae). A complete list of the
taxa used in the phylogenetic analysis is provided in the
Supplementary material.

The main purpose of our analysis was to test the possi-
ble relationships of Archilimonia with other extinct taxa.
In addition, we wanted to test the systematic position of
the fossils in the framework provided by the recent taxa
and the effect of characters of fossils in our understanding
of the evolution of the main features used to define fam-
ily-level relationships.

Our data matrix was based on the matrix of Ribeiro
(2008), which included 104 taxa and 88 characters of the
male imago. Our new matrix, however, is quite distinct,
as we reinterpreted several of the wing venation charac-
ters of Ribeiro (2008) and included more wing characters
(28 of the total 39 characters are based on wing venation),
which are essential for interpreting Mesozoic fossil Dip-
tera since most of the fossil taxa are wholly or largely
defined by venation. We also excluded from the matrix of
Ribeiro (2008) characters that were mostly pertinent to
genus-level relationships, but included additional charac-
ters pertinent at family and superfamily levels. In addi-
tion, we focused our taxonomic sampling on taxa with
characters more relevant for the fossil taxa and family-
level analysis. Extinct Mesozoic taxa, which were not part
of the study of Ribeiro (2008), were added and composed
half of the included taxa. We studied fossil specimens of
Archilimonia, Leptotarsus Guérin-Méneville, 1831 and all
species that are housed in the Borissiak Paleontological
Institute of RAS. Information on several fossil taxa from
North America and Germany was scored from the litera-
ture (mostly original descriptions).

Non-observed and non-applicable characters were
treated as missing data. The characters used in the phylo-
genetic analysis and data matrix are provided in the
Supplementary material. The characters were polarized a
posteriori through rooting, following the outgroup method
(Nixon & Carpenter 1993). The parsimony analysis was
performed with TNT software (version 1.5; Goloboff &
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Catalano 2016). Different sets of analyses were per-
formed, as detailed below.

Parsimony with equal weights (EW). One analysis with
all characters receiving equal weights was performed
using the New Technology Search option of TNT, using
simultaneously all the available tree search algorithms
(TBR, Sect. Search, Ratchet, Drift and Tree fusing). In
this analysis, 5000 replications were run, keeping the
maximum possible number of trees in memory (10,999
was the maximum number of trees that could be retained
in the computer that we used. With no target score
defined, the best score was hit 5000 times). Other search
settings were kept as default.

Parsimony with implied weighting (IW). We also per-
formed several analyses with implied weighting (Goloboff
1993, 2014; Goloboff et al. 2008). In differentially
weighted inferences, the topologies supported by the
more congruent characters are preferred at the expense of
those supported by the more homoplastic characters. The
strength by which the more homoplastic characters are
downweighted is controlled by changing the value of the
weighting constant K. Lower values of K downweight
more homoplastic characters more severely than relatively
higher values do. In differentially weighted inferences, the
preferred trees are those with the highest fitness (and not
necessarily those with the lowest number of steps). As a
first exploration of the data matrix with IW, we evaluated
the results as provided by K values of very different levels
of magnitude. In this set of analyses, we used three values
of K (K =5, 15 and 105). These analyses were performed
using heuristic searches (Traditional Search) with tree
bisection reconnection (TBR) branch swapping, random
stepwise addition sequence and 10,000 replicates holding
up to 100 trees per replication, keeping the maximum pos-
sible number of trees in memory (10,999 trees).

As discussed in detail in the Results and Discussion
sections, we found that the trees with K = 5 had much
higher fitness compared with K = 15 and K = 105. In a
second round of exploration of the data with IW, we per-
formed one additional set of analyses, now varying the
values of K between 3 and 10. The idea behind this set of
analyses was to explore further the effect of K values of
similar magnitude. Again, these analyses were performed
using heuristic searches (Traditional Search) with TBR
branch swapping, random stepwise addition sequence and
10,000 replicates holding up to 100 trees per replication,
keeping the maximum possible number of trees in mem-
ory (10,999 trees).

As stated by Goloboff (2014), the use of implied
weights may be problematical in palaeontological studies
when some characters have many missing data. Charac-
ters with many missing entries may receive artificially
high implied weights because those characters will (on
average) display less homoplasy than characters for which

all the entries have been scored. In the new version of the
TNT software (Goloboff & Catalano 2016), one can alle-
viate this problem with extended implied weighting
(EIW). To test the effect of downweighting characters
with missing data, we performed EIW using the same
range of K values as the previous analysis (from 3 to 10).
We set the parameters of the EIW analyses as provided in
TNT by default (downweighting character with 50% of
the homoplasy of the observed entries; not letting weight-
ing strength exceed 5 times characters with no missing
entries). As in the IW, these analyses were performed
using heuristic searches (Traditional Search) with TBR
branch swapping, random stepwise addition sequence and
10,000 replicates holding up to 100 trees per replication,
keeping the maximum possible number of trees in mem-
ory (10,999 trees).

As discussed and justified later in this paper, we found
that our preferred tree come from the analyses with K
ranging from 3 to 10, which produced similar results.
Symmetric resampling (pooled from K = 5), presented as
group frequency difference (GC), was conducted using
1000 pseudoreplicates with a removal probability of 33%,
collapsing clades with values below 1.

Systematic palaeontology

Family Limoniidae Rondani, 1856
Subfamily Archilimoniinae Krzeminski &
Krzeminska, 2003
Genus Archilimonia Krzeminski & Krzeminska,
2003

Type species. Archilimonia vogesiana Krzeminski &
Krzeminska, 2003 (Figs 1, 3A).

Included species. A. vogesiana and A. grauvogeliana sp.
nov.

Diagnosis. Sc rather short, reaching wing margin just
beyond wing midlength; Rs stem nearly aligned with
R4 5 and Ry; d cell large; four medial veins, m-m between
M, and M3, m-cu just before or at fork Ms, 4 and before
midlength of d cell; CuA apex nearer to Sc apex than to
R, apex level.

Description. Small tipuloids (body length 3.4-3.8 mm;
wing length 2.5-3.0 mm) with relatively wide and short
wings subequal to abdomen length. Antenna with oval
flagellomeres.

Wing. Sc rather short, reaching wing margin just
beyond wing midlength; crossvein sc-r terminal, distal to
Rs origin; R kink distinct; Rs origin between CuP apex
and A; apex level, Rs forking into R,,3 and short Ry, 5
just before Sc apex, Rs stem nearly aligned with R4, 5 and
Ry4; R, joining Ry and perpendicular to longitudinal wing



638 E. D. Lukashevich and G. C. Ribeiro

Figure 1. Archilimonia vogesiana Krzeminski & Krzeminska, 2003, holotype, SMNS, No. 9052. A—C, positive impression; A, habitus;
B, distal part of wing; C, male genitalia. D, negative impression, habitus. Scale bar: 1 mm (A, D). Abbreviations: cgonst, clasper of gon-

ostylus; goncx, gonocoxite.

axis; r-m between Rs base and M, (r-m from R, 5 can-
not be excluded in A. vogesiana); M forking rather sym-
metrical, near wing midlength, slightly basad to Rs
bifurcation; four medial veins present; My leaves M3, 4 in
middle of d cell; d cell large, m-m at level with R,,
between M, and M3; m-cu just before or at fork M3, 4 and
before midlength of d cell; CuA distally curved back-
wards; CuA apex nearer to Sc apex than to Ry apex level;
CuP not strongly diverging from CuA, with CuP apex at

wing midlength; A rather long. Rs origin at 0.34-0.38, M
forking at 0.48-0.50, CuA terminating at 0.62-0.64 of
wing length.

Abdomen. Not long, male terminalia large.

Remarks. In the original description of Archilimonia
vogesiana (Krzeminiski & Krzeminska 2003, p. 167) the
holotype was considered ‘a poor preserved female’ due to
interpretation of dark spot in abdomen as three
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spermathecae (Fig. 1A, C). The terminalia of the holo-
type is indeed very poorly preserved; however, basal
parts are visible and clearly widely separated, so we
suppose that it is a male (the dark spot may be a part of
the heavily sclerotized median extension of tergite 1X).
In the original description of 4. vogesiana the position
of r-m most probably between the middle of R4 5 and
1/4 of d cell upper margin was mentioned. After discov-
ery of an additional specimen and re-examination of the
holotype we consider the position of r-m to be between
Rs and 1/3 d cell upper margin in both specimens; how-
ever, r-m is poorly visible in both cases (Figs 1, 3A).

Archilimonia grauvogeliana sp. nov.
(Figs 2, 3B, C)

Diagnosis. R, joining R; near wing margin, Rs stem
nearly aligned with extremely short R4, s and Ry4. Gono-
coxite simple, cone shaped. Gonostylus terminal, divided
into subequal lobe and clasper, clasper of gonostylus
setose, fleshy; lobe of gonostylus not bifurcated.

Etymology. The species is named in honour of Lea Grau-
vogel-Stamm, the investigator and heiress of the palaeon-
tological collection of Louis Grauvogel from the Vosges
Mountains.

Material. Holotype: SMNS, No. 6180/6181, male. Arz-
viller (lens 118b), Vosges Mountains, France; Gres a
Voltzia (Upper Buntsandstein), Anisian.

Description.

Wing. R, joining R; near wing margin, Rs stem
nearly aligned with extremely short R4, s and Ry, Rs
7.5 times longer than R4, 5 stem, dM;,, 2.5 times longer
that bM,,. Rs origin at 0.38, M forking at 0.48, CuA ter-
minating at 0.62 of wing length.

Male terminalia. Hind margin of tergite IX with a
short narrow median extension. Gonocoxite simple, cone
shaped, elongated (longer than high), covered with strong
setae. Gonostylus terminal, divided into subequal lobe
and clasper, both with blunt apex, clasper of gonostylus
setose, weakly sclerotized, fleshy, with apical well-devel-
oped, branch-like bifurcation, both apexes with longer
and denser setae, distal portion and posterior margin of
clasper smooth; lobe of gonostylus not bifurcated.

Measurements. Body length 3.4 mm, wing length
2.5 mm, width 0.9 mm.

Remarks. This new species is superficially more similar
to Metarchilimonia than A. vogesiana due to the pattern
of Rs branching with very short R4, 5 and R, joining R,
near wing margin. However, Rs forking before Sc apex
and a long d cell (due to m-m connecting M5 with M5, not
M, stem), longer than M;_4 fork, as well as CuA apex

position differentiate Archilimonia from Metarchilimonia.
In the original diagnosis of Metarchilimonia (Blagoderov
et al. 2007) few discriminating features were given (e.g.
‘R, meets R;’ is typical of all Triassic and most Jurassic
limoniids known to date) and no one character useful for
comparison with Archilimonia was mentioned.

Results

Phylogeny

In this section we provide a synthesis of the results
obtained from the different analyses performed, as well as
the justifications for our preferred set of analyses. How-
ever, only the results of the preferred set of analyses are
discussed in detail. A synthesis of the results is presented
in Table 1.

Parsimony with equal weights (EW). The parsimony
analysis with EW yielded 2414 most parsimonious trees
of 222 steps [consistency index (CI) = 0.297; retention
index (RI) = 0.659]. The strict consensus tree is almost
unresolved (Fig. 4A). This analysis was unable to provide
us with a background of family-level relationships that
could be used for discussing the position of the fossils.
Nevertheless, a few aspects are worth discussing.

The order Diptera appears monophyletic, and the Trias-
sic genus Mabelysia is the sister group of the rest of the
Diptera. The families Trichoceridae, Cylindrotomidae and
Tipulidae (including their extinct representatives) are
recovered as monophyletic. The families Limoniidae and
Pediciidae are recovered as paraphyletic. Notably, the
genus Archilimonia is monophyletic in this analysis, as
well as the genus Metarchilimonia.

Parsimony with implied weighting (IW) (K 5 to 105).
The main purpose of this set of analyses was to compare
the difference between results obtained with K values of
different magnitudes (5, 15, and 105). The fitness of the
trees decreases considerably as the value of K increases
(Table 1) but it is interesting to compare the resultant
topologies. With K = 105 (Fig. 4D), the monophyly of the
Tipulomorpha (as accepted in this paper, i.e. including
Trichoceridae) is not recovered. Under both K = 5
(Fig. 4B) and K = 15 (Fig. 4C), the relationships within
the Tipuloidea at the family level are the same. However,
the basal position of Archilimonia in the tree with K = 15
(and also in the tree with K = 105) implies a non-homolo-
gous development of the bifid clasper of the gonostylus,
as found in Archilimonia and Tipuloidea.

Parsimony with implied weighting (IW) (K 3 to 10).

This set of analyses yielded topologies highly congruent
to each other. For K values ranging from 3 to 5, three
most parsimonious trees were found. The analyses with K
ranging from 6 to 10 resulted in four most parsimonious



640 E. D. Lukashevich and G. C. Ribeiro

Figure 2. Archilimonia grauvogeliana sp. nov., holotype, SMNS, No. 6180 (6181). A, positive impression, habitus. B, C, negative
impression; B, apex of abdomen; C, male genitalia. Scale bar: 1 mm (A, B). Abbreviations: cgonst, clasper of gonostylus; Igonst, lobe

of gonostylus; goncx, gonocoxite; tIX, tergite IX.

trees (Table 1). All analyses, however, produced the same
strict consensus tree (Fig. 5). This set of analyses yielded
the trees with the highest fitness and provided the most
internally congruent results (the same consensus tree is
found with K values ranging from 3 to 10). Therefore, it is
our preferred result. However, before discussing it in

detail, we must examine the set of analyses with extended
implied weighting.

Parsimony with extended implied weighting (EIW)
(K 3 to 10). The use of EIW had virtually no effect on the
results of the IW analyses. For all values of K used, this
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Figure 3. A, Archilimonia vogesiana Krzeminski & Krzeminska, 2003, holotype, SMNS, No. 9052, wing. B, C, Archilimonia grauvo-
geliana, sp. nov., holotype, SMNS, No. 6180 (6181); B, wing; C, male genitalia. Abbreviations: cgonst, clasper of gonostylus; lgonst,

lobe of gonostylus; goncx, gonocoxite; tIX, tergite IX.

set of analyses provided trees with slightly smaller fitness
(Table 1). For K values ranging from 3 to 5, the results are
identical to those from the IW analyses. For K ranging
from 6 to 10, a single and totally resolved most parsimoni-
ous tree is found. This unique tree, however, has the same
topology as one of the three trees obtained in the IW
analyses.

Discussion of the preferred results. As already antici-
pated in several parts of this paper, our preferred results
are those obtained under IW with values of K ranging
from 3 to 10, which will be discussed in detail here. Our
reasons for preferring this set of analyses are twofold: on
the one hand, it produced the trees with highest fitness;
more importantly, however, under this range of K the

Table 1. Tree statistics.

topologies are more congruent with each other and with
the framework of Tipuloidea phylogeny as provided by
previous studies.

As stated by Goloboff er al. (2008), it is crucial to inter-
pret the results of the analysis with implied weighting con-
servatively and to take into account the effect of changes
in the analytical parameters, as in a sensitivity analysis.
The method rarely produces many most parsimonious trees
due to its fine-grained precision, and only those clades that
resist alterations to the analytical parameters (in our case,
different values of the weighting constant, K) should be
considered. The same well-resolved consensus tree is pro-
duced by all the analyses we performed (Fig. 5), and in
principle, such stability can be viewed as a sign of robust-
ness in the depicted relationships.

Implied weighting (IW)

K value K=3 K=4 K=5 K=6 K=7 K=38 K=9 K=10 K=15 K=105
Fitness 15.27 13.64 12.38 11.36 10.51 9.80 9.18 8.64 6.71 1.36
No. of trees 32 3 32 4 42 42 42 42 3 1
Length (steps) 231 229 229 227 227 227 227 227 224 222
Extended implied weighting (EIW)

K value K=3 K=4 K=5 K=6 K=7 K=238 K=9 K=10 - -
Fitness 15.00 13.40 12.17 11.17 10.35 9.64 9.04 8.15 - -
No. of trees 3? 3? 3% 1 1 1 1 1 - -
Length (steps) 231 229 229 227 226 226 226 226 - -

“Same consensus tree in both implied weighting (IW) and extended implied weighting (EIW) (see Figs 4B, 5).



642 E. D. Lukashevich and G. C. Ribeiro
Bittacus_strigosus Bittacus_ﬁtrigosub
Thyridates_pintoi Brachypanorpa_careolinensis
rachypanorpa_carolinensis Thyridates_pintoi
— Mabelysia_charlesi Archilimonia_vogesiana
— Prearchitipula_notabilis adiptera_kovalevi
——-Architipuia_ oungi Dilemmala_specula
— Architipu a_Krzeminskii Psychotipa_depicta
— Mesotipula_sigmoidea sychotipa_predicta
— Mesotipula_continens Cramptonomyia_spenceri
— otipuTina_sharstegica Pachyneurg_gp
— Iricyphona_sp rauvogelia_arzvilleriana
— Tinemyia_margaritifera Nadiptera_pulchella
— Epiphragma_fasciapenne Nadiptera_anachrona
tr ch isl imonia_grauvogeliana_sp_n adiptera_kaluginae
BE o M TR
L petarchi|nence polita . . —C fetistricheeerahirarsien IW (K=5)
Pedicia_sp Cladoneura_sp
—— Malaisemyia_manipurensis Trichocera_bimacula
E::Dactylolabls_mon ana Prearchitipula_notabilis
Dactylolabis_cubitalis Tricyphona_sp
onnoirella_gemella Pedicia_sp
T Edwardsomyia_chiloensis Malaisemyia_manipurensis
Hal1otriczoc3ra_m1kereich1 Archllimonia_srauvo?el1an=_sp_n
— Mailotrichocera_jurassica Mabelysia_charlesi
Cladoneura_sp Metarchilimonia_solita
Trichocera_bimacula Eetgr?hiléTonia_trzeminskorum
actylolabis_montana
EW E?géﬂgrggﬁ'fgsnt-ﬂ:l tna - Dactylolabis_cubitalis
Triogma_trisulcata Eplfhragma_Fasciapenne
Cylindrotoma_distinctissima inemyia_margaritifera
— Jipunia_intermedia Architipula_youngi
— Tipunia_undata Tonnoirella_gemella
— Tipula_aequalis Edwardsomyia_chiloensis
|—— Zelandot ipula_novarae Mesotipula_sigmoidea
— Leptotarsus_gymnocerus Mesotipula_cont inens
— Ptilogyna_sp Eotipulina_sharategica
Leptotarsus_grimaldii Architipula_krzeminskii
— Leptotarsus_ibericus Cylindrotoma_distinctissima
— Grauvogelia_arzvilleriana Phalacrocera_tipulina
— Nadiptera_anachrona Liogma_nodicornis
— Nadiptera_pulchella Triogma_trisulcata
— Nadiptera_kaluginae Tipula_aequalis
— Dilemmala_specula Zelanldo ipula_novarae
g9y sp

11— Vladiptera_kovalevi

—— Psychot ipa_depicta

——vPsychotipa_gredicta

— Proé:aplatsa__ itlchil ¢
ramptonomy ia_spencer

— Pachyneura_sp

A

Strict consensus of 2414 trees (@ taxa excluded)

Bittacus_strigosus
Brachypanorpa_carolinensis
Thyridates_pintoi
Archilimonia_grauvegeliana_sp_n
Archil imonia_vogesiana
Vladiptera_kovalevi
ilemmala_specula
Psychotipa_depicta
Psychotipa_predicta
Cramptonomyia_spenceri
Pachyneura_sp
Grauvogelia_arzvilleriana
adiptera_kaluginae
Nadiptera_anachrona
adiptera_pulchella
rotoplasa_fitchii
Metarchilimonia_sclita
Metarchilimonia_krzeminskorum
labelysia_charlesi
Cladoneura_sp
Trichocera_bimacula
ailotrichocera_mikereichi
Mailotrichocera_jurassica
Prearchitipula_notabilis
ricyphona_sp
Pedicia_sp
Malaisemyia_manipurensis
Dactylolabis_cubitalis
Dactylolabis_montana
EpiFhragma_fasclapenne

inemyia_margaritifera
Architipula_youngi
Tonnoirella_gemella

Mesotipula_sigmoidea
Mesotipula_continens
otipulina_sharategica
Architipula_krzeminskii

IW (K=15)

Tipzula_ae ualis

tilogyna_sp

C

Strict consensus of 3 trees (@ taxa excluded)

wardsomyia_chiloensis

Cylindrotoma_distinctissima
alacrocera_tipulina

Liogma_nodicornis

Triogma_trisulcata

elandot ipula_novarae

Leptotarsus_gymnocerus
ipunia_intermedia
Tipunia_undata
eptotarsus_grimaldi
Leptotarsus_ibericus

Leptotarsus_gymnocerus
Tipunia_intermedia
Tipunia_undata
Leptotarsus_grimaldii
Leptotarsus_ibericus

Strict consensus of 32 trees (@ taxa excluded)

Bittacus_strigosus
hyridates_pintoi
Brachypanorpa_carolinensis

Mabelysia_charlesi
Metarchilimonia_solita
Metarchilimonia_krzeminskorum
Mailotrichocera_mikereichi
Mailotrichocera_jurassica
adoneura_sp
Trichocera_bimacula
Archilimonia_grauvogeliana_sp_n
Archilimonia_vogesiana
Dilemmala_specula
Vladiptera_kovalevi
Psychot ipa_depicta
Psychot ipa_predicta
ramptonomyia_spenceri
Pachyneura_sp
Grauvogelia_arzvilleriana
Nadiptera_kaluginae
Nadiptera_anachrona
adiptera_pulchella
Protoplasa_fitchii
Prearchitipula_notabilis
Tricyphona_sp
Pedicia_sp
Malaisemyla_manipurensis
Dactylolabis_moptana
Dactylolabis_cubitalis
Eplfhragma_Fasciapenne
inemyia_margaritifera
Architipula_youngi
Tonnoirella_gemella
Edwardsomyia_chiloensis
Mesotipula_sigmoidea
Mesotipula_cont inens
Eotipulina_sharategica
Architipula_krzeminskii
indrotoma_distinctissima
Triogma_trisulcata
Phalacrocera_tipulina
Liogma_nodicornis
Tipula_aequalis
Zelandot ipula_novarae
tilogyna_sp
Leptotarsus_gymnocerus
Tipunia_intermedia
Tipunia_undata
Leptotarsus_grimaldii
Leptotarsus_ibericus

IW (K=105)

D

Figure 4. A, strict consensus of 2414 most parsimonious trees obtained in the analysis with equal weights (CI = 0.297; RI = 0.659). B,
strict consensus of the three most parsimonious trees obtained in the analysis with implied weighting (K = 5). C, strict consensus of the
three most parsimonious trees obtained in the analysis with implied weighting (K = 15). D, single most parsimonious tree obtained in
the analysis with implied weighting (K = 105).
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Figure 5. Consensus tree recovered by the various implied weighting (IW) analyses with different values of K (from 3 to 10). This same
consensus tree is also found in extended implied weighting (EIW) analyses with K ranging from 3 to 5. Numbers below nodes are sup-
port values expressed as frequency differences obtained from symmetric resampling (pooled from analysis with K = 5; only for nodes

with support values above 1).

Our phylogenetic analysis is congruent with the family-
level relationships recovered by the most recent phyloge-
netic studies of the Tipulomorpha (Ribeiro 2008; Petersen
et al. 2010; Zhang et al. 2016), and the position of the fos-
sil taxa can be discussed now in this framework. However,
considering that our taxonomic sampling at the genus

level is much reduced relative to the actual diversity of
crane flies, we take a conservative interpretation even fur-
ther and focus our discussion on the family-level clades,
and on the characters pertinent in this context. The most
relevant aspects of our study, as we see it, are represented
in the phylogenetic tree in Fig. 6.
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defining each of the numbered clades are discussed in the text.

In the discussion that follows, we focus on the less
homoplastic characters in each node, which are indeed
those more relevant for the phylogenetic picture we show
considering the tree-building algorithm we used.

Tipulomorpha

Monophyly of Tipulomorpha is supported by two charac-
ters: the V-shaped mesonotal suture present (Ch. 7:1) and
vein A, very short and submarginal (not longer than one-
third of vein A;) (Ch. 35:1).

Our results corroborate the sister-group relationship
between Trichoceridae and Tipuloidea as was tradition-
ally supposed (e.g. Hennig 1968; Stary 1992; Shcherba-
kov et al. 1995). The suggestion of Krivosheina (1988)
and Wood & Borkent (1989) to include Trichoceridae in
the infraorder Psychodomorpha (sensu Wood & Borkent
1989) was supported in some recent analyses of phyloge-
netic relationships of the entire order (Yeates et al. 2007;
Lambkin et al. 2013). However, the close relationship
between Tipuloidea and Trichoceridae is also defended
by authors who did not consider the position of

Tipulomorpha sensu Hennig as the sister group of all the
other Diptera (Hackman & Vaisanen 1982; Oosterbroek
& Courtney 1995; Bertone et al. 2008; Wiegmann et al.
2011; Zhang et al. 2016). It is worth adding that our anal-
ysis was based on adult characters, whereas Psychodo-
morpha sensu Wood & Borkent was based on larval
characters. Moreover, Trichoceridae was the only family
from that proposed infraorder included in our matrix, so
our results (close relationships of Trichoceridae and Tipu-
loidea) were predictable.

Trichoceridae

A comprehensive phylogenetic tree of the family includ-
ing all 13 extinct and extant genera and 12 characters was
proposed recently (Krzeminska et al. 2009). So, for our
purpose the only fossil we chose is the oldest extinct
genus Mailotrichocera Kalugina in Kalugina & Kovalev
(1985), known from as far back as the Early Jurassic.
Monophyly of Trichoceridae is supported by several char-
acters, including: vein Ry is captured by R;, 3, forming
a Ry,3,4 element (Ch. 13:2); vein Ry, is quite long
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(Ch. 17:2), more than 3 x the length of R, (within the
Tipuloidea, a similar condition has appeared independently
in the genus Dactylolabis Osten-Sacken, 1860); and vein
A, is shortened but reaching the wing margin (Ch. 34:2).

In Mecoptera Rs is divided into R,,5; and R4, s with
four main radial branches reaching the wing margin. The
same plesiomorphic pattern is known in recent Diptera
only in two non-tipulomorph families, Tanyderidae and
Psychodidae. However, in the Mesozoic such a pattern
was much more widespread (Shcherbakov ef al. 1995;
Krzeminski & Krzemirniska 2003): in these cases usually
the R4 5 stem is short to extremely short, Rs stem, R4 5
and Ry are aligned, so Rs can swing basad, proximal to Rs
furcation, forming a short R, 3, 4 element. This modifica-
tion is obvious in taxa with a free longitudinal R, such as
Triassic Psychotipinae (Shcherbakov ef al. 1995: two spe-
cies of Psychotipa with two different patterns from the
same locality) and living Tanyderidae. In Tanyderidae Rs
is usually divided into R, 3 and Ry, 5; however, Radino-
derus Handlirsch, 1909 and most specimens of Tanyderus
Philippi, 1865 possess a short Ry, 3,4 stem (Alexander
1928; Williams 1933). In Tanyderus pictus Philippi, 1865,
Rs can be forked either into an extremely short Ry 3,4
and Rs or into R, 3 and extremely short Ry 5 (Lukashe-
vich & Shcherbakov 2016). It is worth mentioning that in
all described Mesozoic Tanyderidae Rs forks into R;,
and Ry, 5 and such a pattern is here considered plesiomor-
phic for the family.

The capture of vein R4 by R, 3, as well as the fusion of
R, with Ry, was proposed for Pediciidaec and Limoniidae
by Alexander (1927, p. 44):

The upper branch of the anterior fork of the primitive
sector has swung cephalad and became fused backward
from the margin with vein Ry; in all but a few generalized
members ...the dichotomous nature of the posterior fork
of the sector has been lost by the capture of the anterior
branch (Ry) by the stem of the upper fork (R, 3), leaving
R;s along as the posterior branch of the radial field.

Analogous shifts of branching patterns can also be
observed in the medial veins of some species of the Limo-
niidae genus Aphrophila Edwards, 1923 (unpublished
data of G. C. Ribeiro).

As already mentioned, the capture of R4 by R, 3 is not
exclusive to Trichoceridae but occurred also in Clade 5
(Fig. 6) and in the Triassic Psychotipa depicta Shcherbakov
in Shcherbakov ef al. (1995). The vein Ry, 3,4 Was sug-
gested as a synapomorphy of Trichoceridae and Tipuloidea
(Krzeminska et al. 2009). However, basal members of the
Tipuloidea, such as some Pediciidae (Jurassic Praearchiti-
pula Kalugina in Kalugina & Kovalev, 1985, recent Tricy-
phona Zetterstedt, 1838, several Pedicia Latreille, 1809 and
Dicranota Zetterstedt, 1838) and Triassic Archilimonia,
Mabelysia and Metarchilimonia, retain the plesiomorphic
branching pattern of Rs. In the Jurassic species Mesotipula

sigmoidea Lukashevich, 2009, Rs also divides into R, 3 and
R4, 5, but there is no distinct R4 s stem due to R, 3 and
R4, 5 branching off from a single point (as well as in one
specimen of Metarchilimonia krzeminskorum Blagoderov &
Grimaldi in Blagoderov et al., 2007).

Tipuloidea

Monophyly of Tipuloidea is corroborated in our study by
the absence of ocelli (Ch. 2:0) and the postgenae meeting
medially, not separated by a membranous area (Ch. 3:1).

While the absence of ocelli in Tipuloidea may consti-
tute a unique novelty with no subsequent homoplasy
within the group, the evolution of the posterior margin of
the head is more problematic (see Ribeiro 2008, p. 661).
The closing of the medial margins of the postgenae may
have occurred at the base of the Tipuloidea clade, but in
this case reversals would have to be assumed for members
of the subfamilies Chioneinae and Limoniinae. Alterna-
tively, there must be groups within Tipuloidea in which
the plesiomorphic condition is kept, but the phylogenetic
meaning of this is still obscure. Only a wider study with a
larger taxonomic sampling could provide a proper test of
alternative scenarios.

Some of the other evidence of the monophyly of Tipu-
loidea is based on characters of immature stages, not used
in the present analysis. Larvae hemicephalic (head capsule
can be retracted into the body) and metapneustic (func-
tional spiracles on the last abdominal segment only), with
divided hypostoma as well as pupal leg sheaths side by
side, together with several other characters are listed as
the synapomorphies of Tipuloidea by Oosterbroek & The-
owald (1991). However, Oosterbroek & Courtney (1995)
did not confirm any of seven synapomorphies which were
suggested in the previous paper. In the most recent analy-
ses including characters of immatures (Petersen et al.
2010), five characters were used but these authors did not
discuss any immature or adult synapomorphies supporting
their trees. Neugart et al. (2009) confirmed divided hypo-
stoma as a unambigiuous apomorphy of Tipuloidea,
whereas a moderately retracted head is likely part of the
groundplan of the superfamily and the more advanced
condition is a potential synapomorphy of Tipuloidea
excluding Pediciidae.

Pediciidae

Pediciidae, raised to full family rank by Stary (1992), is
likely the sister group of all other Tipuloidea. This result
is consistent with the findings of Ribeiro (2008), Petersen
et al. (2010) and Zhang et al. (2016). This group has likely
preserved the highest number of plesiomorphies in Tipu-
loidea. Oosterbroek & Theowald (1991) found several
weak larval synapomorphies for the group (Pediciinae in
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Figure 7. Praearchitipula notabilis Kalugina in Kalugina & Kovalev, 1985 (Pediciidae), PIN, No. 1255/219, holotype; A, line drawing

of wing; B, photograph of wing.

their system). Neugart et al. (2009) found a single
unequivocal synapomorphy for the family: the elongated
sickle-shaped distal part of the larval mandible. We could
not find any other apomorphy in wing venation except for
M forking in the distal half of the wing, which is present
already in the Jurassic members of the family. According
to our analysis, the fork of the medial vein originally is at
the level of mid length of wing (Ch.30:1). Mecoptera and
some Triassic genera of the families under discussion
(Vladiptera, Dilemmala, Psychotipa, Mailotrichocera,
Archilimonia, Mabelysia and Metarchilimonia) exhibit
the plesiomorphic condition of this character. A shift of
the M fork to a position distal to the mid length of the
wing (Ch.30:2) has occurred 3 times according to our
analysis. It is a synapomorphy of Pediciidae, but a similar
condition has occurred independently in other Tipuloidea
except Archilimonia, Mabelysia and Metarchilimonia
(Clade 5 in Fig. 6), and in recent Trichoceridae. In our
analysis, the presence of setose eyes is a synapomorphy of
the family Pediciidae (Ch. 4:0), but we acknowledge that
this may be an artifact of our taxon sampling, as several
outgroup taxa we used including Mecoptera and Pachy-
neuridae (Pachyneura Zetterstedt, 1838) and Cramptono-
myidae (Cramptonomyia Alexander, 1931) have bare
eyes. Oosterbroek & Theowald (1991, p. 218) considered
the setose eyes of the adult pediciids as “without doubt a
symplesiomorphic character. Therefore, it might be
expected to find the Pediciinae at the most basal position.”

We agree with this possibility but we do not have informa-
tion on this character for any fossils included in our analy-
sis. All extant Tanyderidae possess setose eyes. In extinct
species such setae have been described only in Dacochile
microsoma Poinar & Brown 2004 from mid-Cretaceous
Burmese amber (Poinar & Brown 2006), but the lack of
eye setae in other descriptions may probably be explained
by their minute size and state of fossil preservation. Within
Trichoceridae eyes are setose in recent members of Clado-
neura Scudder, 1894 (= Diazosma Bergroth, 1913), but
bare in Trichocera Meigen, 1803.

We found R, to be free in Praearchitipula notabilis
Kalugina in Kalugina & Kovalev, 1985 (Fig. 7), a condi-
tion that was overlooked in the original description (Kalu-
gina & Kovalev 1985). Alexander (1927) figured the wings
of three species of Tricyphona (T. protea Alexander, 1918,
T. formosana Alexander, 1920 and T. novaezelandiae
Alexander, 1922) as three steps in the cephalization of Ry,
and considered 7. protea the first stage due to R, being still
long and nearly longitudinal. Most of the Jurassic Pedicii-
dae (Lukashevich 2009; Gao et al. 2015) demonstrate the
second stage, with oblique short R,, connecting with R;
just near the wing margin. However, P. notabilis possess
oblique short free R,. This condition of the character is
most likely abnormal (R, is a crossvein in all other species
from the same locality and from other localities), but even
such an aberration corroborates the interpretation of
Alexander (1927).
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Archilimonia, Metarchilimonia and Mabelysia
Mabelysia and Metarchilimonia were described as mem-
bers of the subfamily Architipulinae in Limoniidae
(Shcherbakov ef al. 1995; Blagoderov et al. 2007). Archili-
monia was described as a member of the monotypic family
Archilimoniidae, considered basal to all other Tipuloidea
(Krzeminski & Krzeminska 2003), but later Archilimonii-
dae was demoted to a subfamily of Limoniidae (Blago-
derov et al. 2007). In our analysis, A. grauvogeliana sp.
nov., Mabelysia and Metarchilimonia are also included in
Tipuloidea, although characters that support the monophyly
of Tipulomorpha (the V-shaped mesonotal suture and very
short submarginal vein A,) and Tipuloidea (absence of
ocelli and the postgenae meeting medially) cannot be seen
in the Triassic genera under discussion (except for the V-
shaped suture in Metarchilimonia) as in most fossils. More-
over, even vein A, is not visible in 4. grauvogeliana sp.
nov. due to the poor state of preservation. This presents
some issues for including these genera in Tipulomorpha,
and only additional findings may prove or disprove that
the characters really occur in these Triassic genera. How-
ever, our resultant tree is a synthesis of several characters
and in our conservative interpretation, we place these taxa
in a polytomy between Pediciidae and Limoniidae +
(Tipulidae + Cylindrotomidae).

The characters of wing venation uniting these three
genera (Rs divided into R, 3 and Ry, s, extremely short
Ry44s, and M forking in the wing midlength) are symple-
siomorphic features, which are very rare in extant taxa of
Tipuloidea. Three synapomorphic character states support
the placement of Archilimonia grauvogeliana sp. nov.,
Metarchilimonia and Mabelysia in the Tipuloidea (except
Pediciidae): position of sc-r closer to the apex of Sc (Ch.
10:3); short vein Ry, (less than 2 x the length of R,; Ch.
17:0); and male gonostylus divided into clasper and lobe,
known only for 4. grauvogeliana sp. nov. (Ch. 37:1).

The divided male gonostylus of A. grauvogeliana sp.
nov. provides strong evidence for the systematic position
of the species within Tipuloidea without Pediciidae, but
not as basal as all other Tipuloidea. A divided male gono-
stylus is considered a synapomorphy of Tipuloidea except
Pediciidae (Clade 4 in Fig. 6). The loss of one of the gono-
stylar branches has occurred independently in higher
nodes within Tipuloidea (in representatives of families
Limoniidae and Cylindrotomidae), but the original trans-
formation of a single, undivided gonostylus (as found in
Trichoceridae and Pediciidae) into a divided one is most
probably a unique development (Ribeiro 2006, 2008). In
A. grauvogeliana sp. nov. the gonostylus is terminal with
a fleshy clasper. In the Limoniidae, the clasper of the gon-
ostylus is usually well sclerotized. The condition found in
A. grauvogeliana sp. nov. is similar to that of some extant
Limoniidae genera with fleshy claspers, such as Dactylo-
labis and Metalimnophila Alexander, 1922 (Ribeiro 2008,

figs 98, 128). Stary (1992) considered the strong sclero-
tized clasper of the gonostylus (some authors use term
outer gonostylus for this clasper) to be a synapomorphy of
Limoniidae except Dactylolabis. However, as stated
above, a fleshy clasper is not exclusive to Dactylolabis
within Limoniidae. Nevertheless, the finding of a fleshy
clasper in the gonostylus of A. grauvogeliana sp. nov.
suggests that a well sclerotized clasper may indeed be
apomorphic, and that the Limoniidae genera with a fleshy
clasper may be relatively basal groups within Tipuloidea.
Some extant genera of Limoniidae are known back to the
Cretaceous (see Lukashevich 2009), but members of Dac-
tylolabis are known only to the Eocene and described
mainly from Baltic amber (Podenas 2003; Krzeminski
et al. 2010).

Shcherbakov ef al. (1995) estimated some wing propor-
tions for Triassic members of the infraorder Tipulomor-
pha: Rs origin at 0.32—0.41, M forking at 0.48-0.54, CuA
terminating at 0.64—0.78 of wing length. Proportions for
both species of Metarchilimonia, described subsequently,
support these conclusions. The Archilimonia wing vena-
tion is similar, with only CuA slightly shorter in A. grau-
vogeliana sp. nov. Lukashevich & Shcherbakov (1999)
demonstrated that no single proportion is sufficient to sep-
arate nematocerous infraorders; however, infraordinal
clusters do not overlap in multidimensional character
space. In other Triassic Limoniidae (i.e. Architipula,
Mabelysia, Metarchilimonia), CuA is usually longer and
as a result the CuA apex is closer to R; than to Sc apex
level (perpendicular to the long wing axis). In Archilimo-
nia, as well as in Triassic Viadiptera and Psychotipa,
CuA is shorter so the CuA apex is closer to Sc. We con-
sider this short CuA as one more plesiomorphy of Archili-
monia, which prevents us from uniting the genus with any
Triassic members of the family (with Metarchilimonia
alone or with Metarchilimonia + Mabelysia), in spite of
the similar pattern of radial sectors.

Monophyly of the genus Archilimonia was not recov-
ered in our preferred set of analyses (although it was
recovered in other set of analyses, such as the analysis
with EW, in IW with K = 15 and IW with K = 105;
Fig. 4A, C, D). This requires further explanation, espe-
cially considering our decision to keep both A. vogesiana
and our new species in the same genus. This conservative
taxonomic decision is based on the striking similarities in
the wing venation of the two species, which differs from
that of all other fossil and living genera (Rs forking into
R, 3 and Ry 5 with a distinct short R4, 5 stem; M forking
in the midlength and large discal cell combined with A
vein no less than half of CuA, reaching the wing margin
in type species). We were unable to find synapomorphic
characters of wing venation shared by Archilimonia spe-
cies. Since the key apomorphic feature allowing the place-
ment of the genus (divided male gonostylus) is available
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for the new species only, the genus inevitably appears as
paraphyletic in the analysis, with A. vogesiana (with very
poor preserved terminalia) placed near the base of Diptera
(Figs 5, 6). As an experiment, we analysed a hypothetical
matrix in which we coded a divided male gonostylus for
A. vogesiana. The result is that both species are placed in
Tipuloidea as sister groups (in the same position where
the new species is placed in the real tree). We speculate
here that a divided gonostylus may in fact occur in A.
vogesiana as well as in Mabelysia and Metarchilimonia,
which only the finding of additional specimens may prove
or disprove. We are confident that the monophyly of the
genus Archilimonia cannot be properly tested, considering
the scarcity of data available, and our decision to include
the two species in Archilimonia is the only reasonable
one.

Limoniidae

Stary (1992) considered Limoniidae a monophyletic
taxon, but the paraphyly of the family has been demon-
strated by all other phylogenetic analyses (Oosterbroek &
Theowald 1991; Ribeiro 2008; Neugart et al. 2009;
Petersen et al. 2010; Zhang et al. 2016), and again by this
study.

A clade including the bulk of Limoniidae genera plus
the families Cylindrotomidae and Tipulidae (but exclud-
ing Archilimonia, Mabelysia and Metarchilimonia) was
found (Clade 5 in Fig. 6). In this clade (but also indepen-
dently occurring in Trichoceridae and Psychotipa
depicta), vein Ry is captured by R,,; forming a Ry 3,4
element (Ch.13: 2). Also, the fork of vein M is positioned
distal to the midlength of wing (Ch.30: 2). According to
our analysis, the similar condition found in Trichoceridae
(Cladoneura and Trichocera but not Jurassic Mailotricho-
cera) and in Pediciidae has occurred independently.

It is beyond the scope of this study to discuss the prob-
lem of the delimitation of the subfamilies of Limoniidae.
Our taxonomic sampling was not designed to investigate
this particular problem. As demonstrated by previous
analyses (Oosterbroek & Theowald 1991; Ribeiro 2008;
Petersen et al. 2010), Limnophilinae is paraphyletic, and
the large subfamily Chioneinae may not be monophyletic
either. Arguing about subfamilial ranks of the extinct
Limoniidae does not constitute, considering our current
level of knowledge, a fruitful discussion. The diagnosis of
the extinct Mesozoic family Architipulidae (Handlirsch
1906-1908), which was demoted to subfamily level by
Kalugina (Kalugina & Kovalev 1985), is insufficient. In
spite of numerous described Architipulinae, a revision of
the subfamily including crucial body characters has yet to
be undertaken, as well as any description of the genitalia.
In fact, all Triassic and Jurassic Limoniidae with four
medial veins are considered Architipulinae. Taxa with
three medial veins are considered Eotipulinae. Spurs are

absent in both subfamilies according to their diagnoses.
However, species and genera with spurs have been
recorded within Architipulinae, which seems to be a
wastebasket taxon with endless diversity (Lukashevich
2009). Therefore, it is not unexpected that two species of
Architipula Handlirsch, 1906 are widely separated on our
tree. The status of Architipulinae and Eotipulinae is quite
dubious, and these subfamilies may in fact constitute
junior synonyms of Limnophilinae and Chioneinae,
respectively, as suggested earlier (Kalugina & Kovalev
1985; Savchenko 1986).

Cylindrotomidae and Tipulidae

The sister-group relationship between Cylindrotomidae
and Tipulidae has been demonstrated by all phylogenetic
analyses so far conducted (Oosterbroek & Theowald
1991; Stary 1992; Ribeiro 2008; Petersen et al. 2010;
Zhang et al. 2016). However, opinions on what would
constitute larval apomorphies for the group are contradic-
tory: Oosterbroek & Theowald (1991) suggested some,
but no unambiguous apomorphies were later confirmed
(Neugart et al. 2009). According to our study, wing vein
synapomorphies support the sister-group relationship.

In its most plesiomorphic condition, R, and R; are free
veins reaching the wing margin. In Tipulomorpha, R, is a
short, erect vein, which becomes attached to R;, and has
been sometimes considered a crossvein (e.g. Savchenko
1986; Ribeiro 2008). As was explained earlier, we endorse
the interpretation of Alexander (1927) that R, became a
transverse vein attached to R;. For coding convenience, we
refer to the result of this configuration as the Ry, ,,3 com-
plex. In Pediciidae and Limoniidae, this complex is directed
to the distal margin of the wing. In the Cylindrotomidae-
Tipulidae clade, this complex is directed to the costal margin
of the wing (Ch. 16:1). Due to additional losses and reduc-
tions (e.g. loss of the tip of Ry, and R3) in derived members
of each family, such a configuration may not be so clear.
However, considering the overall shape and relationships
among the veins, it is easy to point to the missing elements
and the homology of the veins involved is clear.

The monophyly of Cylindrotomidae is supported by the
loss of vein R3 (Ch. 19:1) and the trifid aedeagus (Ch.
39:1). Due to our sampling that included only members of
the subfamily Cylindrotominae, the loss of one of the gon-
ostylar branches (Ch. 37:0) appears to be a synapomorphy
of the clade. However, members of the subfamily Stibado-
cerinae (Stibadocera Enderlein, 1912 and Stibadocerella
Brunetti, 1918) possess a bifid gonostylus. The loss of one
of the gonostylar branches occurred independently in
Cylindrotominae and Stibadocerinae (in the South Ameri-
can monotypic genus Stibadocerina Alexander, 1929;
Ribeiro 2009).

Two synapomorphies support the monophyly of the
family Tipulidae: terminal segment of palpus longer than
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the preceding two together (Ch. 6:1), and vein m-cu long
and more inclined relative to the wing axis (Ch. 33:1).
The long last palpomere is typical of Tipulidae but not
universal; therefore, this conclusion may be an artefact of
our taxon sampling. The long and inclined vein m-cu,
however, is likely to be a true synapomorphy of the fam-
ily, and the key for understanding the systematic position
of a controversial Mesozoic genus, Tipunia Krzeminski &
Ansorge, 1995, treated in more detail below.

Tipunia
Krzeminski & Ansorge (1995) described the genus Tipu-
nia from the lower Tithonian (Hybonotum zone) Solnho-
fen lithographic limestone (Late Jurassic of Germany).
When describing Tipunia intermedia Krzeminski &
Ansorge, 1995, the authors mentioned that some of its
wing characters (e.g. r-r almost parallel to costal wing
margin and very broad cu cell) are typical features of
Tipulidae. But the authors also mentioned that some other
features (e.g. vein Sc terminating on the wing margin and
relatively long Rj3) are typical features of Limoniidae, so
the genus was tentatively placed in Limoniidae due to
lack of information on the body morphology. Two addi-
tional species were later described from the Late Jurassic
of Mongolia based on isolated wings only, and one addi-
tional species from the Early Cretaceous of Great Britain
was transferred into the genus (Lukashevich 2009).
Ribeiro & Lukashevich (2014) drew attention to the fact
that many of the limoniid-like features of Tipunia are ple-
siomorphic also present in basal Tipulidae, such as Lepto-
tarsus (known back to the Early Cretaceous). In addition,
they hypothesized that the tipulid-like shape of the medial
veins of Tipunia, which includes a long vein m-cu, may
well be a synapomorphy of Tipulidae. This hypothesis was
tested in the current paper and corroborated. All analyses
performed by us (EW, IW and EIW) confirm a monophy-
letic Tipulidae including the genus Tipunia, which known
back to the Late Jurassic, so Tipulidae has existed since
the Late Jurassic, as was suspected earlier (de Jong 2014).

Discussion

Minimum ages of main Tipulomorpha clades

As mentioned earlier, the oldest Diptera (as well as the
oldest Tipuloidea discussed herein) are known from the
Gres a Voltzia, the age of which is early Middle Triassic
(early Anisian, Upper Buntsandstein, c¢. 245 Ma). The
order was already diverse at this time: all four nematocer-
ous infraorders (sensu Hennig 1968) as well as Brachy-
cera are known by this time (Krzeminski & Krzeminska
2003; Lukashevich et al. 2010). Molecular-based esti-
mates of the timing of origin of Diptera and its early radia-
tion point to a Permian origin for the clade, with rapid

diversification in the Triassic (Wiegmann et al. 2011;
Cranston et al. 2012). However, there is no fossil evidence
for a Permian origin of Diptera, which have not yet been
found in any Permian deposits, despite numerous long-
term studies of insect taxonomic diversity around the
Permian—Triassic boundary, e.g. fossil insects of the Mid-
dle and Upper Permian of European Russia with special
attention to Mecoptera (Aristov ef al. 2013).

The attribution of Archilimonia to Tipuloidea indicates
that Tipuloidea have existed at least since the Middle Tri-
assic. The oldest members of Trichoceridae and Pedicii-
dae are known from the Jurassic, but based on our
phylogeny the origin of the families must have occurred
earlier, in the Triassic at least.

We have confirmed that Tipunia, known back to the
Late Jurassic, is a true member of Tipulidae. In this case,
the minimum age of Tipulidae and of its sister group,
Cylindrotomidae, must also extend back to the Late Juras-
sic. Cylindrotomidae fossils are known in the Cenozoic
(Evenhuis 2014). However, the geographical distribution
of the small and likely monophyletic subfamily Stibado-
cerinae can be interpreted in terms of ancient Mesozoic
biogeographical patterns (Ribeiro & Eterovic 2011).
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