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A new fossil Brachyeers (Diptera). Cravemiyic macrorrdivacha gen. n. & sp. n. is deseribed
frem the Santana Formation, Lower Cretaceous, situated on the Araripe Bosin (Northeastern
Brazil). Its remarkable features are the large body size. very long proboscis, antenna with mul-
ti-articled flagellum, robust thorax and abdamen, and wing characters like the abbreviated cos-
tal vein, distally forked veins By and M., strongly arched M, and closed cells my and cup.
The new genus and species does not reasonably it in any of the existing families and a new
family, Cratomyiidae is proposed. The systematic position of the fanily is discussed, Reasons
are given for not including it in the following higher taxa of Brachyeera: Xylophagomorpha,
Tabanomoerpha, Vermilecnomorpha, Asilomorpha, and Eremancura, The Cratomyiidae are in-
cluded in Stratiomyamorpha as the sister-group of Xylomyidae + Stratiomyidae, ahove the or-
igin of Pentophthalmidae,
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Introduction
ir

Systematists attempt not only o describe existing
diversity, but also to understand its historical ori-
gin. In a phylogenetic context, this means recover-
ing the phylogenetic relationships among known
taxa, Systematic knowledge gradually increases as
d result of better understanding of the known spe-
cies, and by discovery and descripnion of new spe-
cies, living as well as fossil. The fossil record in
particular may bring many-sided evidence about
the otherwise hidden temporal dimension of evo-
lution. See Grimaldi & Cumming (1999 for o
summary of the potential virtues of fossils.

Our knowledge about Cretaceous brachyeeran
Diptera is relatively scanty, though important data
from differemt sources have recently been made
available through the works of Grimaldi (1990)
and Grimaldi & Cumming (1999). The present
paper adds a new piece of information by dealing
with & new. very distinctive and well-preserved
brachyceran fossil from the Lower Cretaceous. [t

B2 Jivecd Svatposatic s & Evedaiivorr (Group 6

comes from the Santana Formation situated in the
Araripe Basin, NE Brazil, o deposit of Lower Cre-
taceous age with abundant fossils, Hitherto, twelve
species of fossil Diptera have been described
therefrom, four of them belonging to the Brachy-
cera, viz, three Asilidae and one doubtful Therev-
idae (see Grimaldn 19900,

We describe below a new fossil genus and spe-
cies of Brachycern, Cratomvia macrorrincha
gen. n. & sp. 0, based on two rather well preserved
specimens collected at the Farenda Tatajuba. near
Santana do Cariri (see Martins-Neto 1996). The
species canmot be included in any of the described
recent or extinct families of Diptera. We conse-
quently propose a new family for it, Also, we ad-
dress the systematic position of the new taxon
within the Brachvcera,

The Araripe Basin and Santana Formation

The Araripe Basin ranges over the limits of three
Hrazilian States: Piaui, Pernambuco and Ceard, li
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Fig. |, Cratonyia macrarefivecha gen. n, & sp. ., holotype, #DBRP-DD5(,

reaches about 900 m above sea level, with some The sedimentary sequence of the Araripe Basin
abrupt slopes. [ts total area covers about 7.200 km?  can be subdivided into three distinet parts, First,
of subrectungular shape, elongated on the enst-  thete is a “pre-rilt” sequence made up by the Cariri
west axis and some 180 km long and 40 km wide.  Formation. Second, there is a ‘rift’ sequence repre-
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Fig. 2. Cravomyia macrorrhyacho gen, n. & sp,n., paratype, §DBRP-0S| .

sented by the Brejo Santo, Missdo Velha and Rio
Batateiras Formations. Finally, there is a “post-rift’
sequence made up by the Santana and Exu Forma-
tions.

The material studied here comes from the lam-
ellate calcareous level, the upper part of the Crato
Member, which is the Santana Formation’s lowest
component, The fine sediments al this level are of
continental lake origin and material conservation
indicates a slow transport. The Araripe paleo-lake
was formed after the separation of South America
and Adfrica by continental drift. The age of this for-
mation is lies between the Upper Aptian and the

Lower Albian of the Lower Cretaceous, It is char-
acterized by an abundant fossil record along its
height of 200 m. Fossil diversity is very high, in-
cluding both veriebrates, invertebrates and plants.
The known invertebrates groups include Bivalvia
and Gastropoda (Mollusca), Echinoidea (Echino-
dermata), Crustacea, Arachnida, and Insecta (Ar-
thropodal. Major diversity occurs in the insects.
Hundreds of thousands of fossil specimens have
been collected so far, representing Ephemeroptera,
Odonata, Dermaptera, Isoptera, Homoptera, Hy-
meneplera, Neuroptera. Raphidioptera, and Dipte-
ra. Twelve specimens of Diptera from the Santana
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Fig. 3. Left wing of holotype of Cratoamyia macroerhyncha gen. oo & sp. o

formation have been referred to the Tipulidae, Chi-
ronomoidea, Bibionidae, Mycetophilidae, Sciar-
oidea, Tabanidae. Asilidae, and doubtfully to the
Therevidae {(for details, see Grimaldi 199, Mar-
lins-Neto 1994,

Family CRATOMYUUDAE fam. n.
Genus Cratoniyia gen. n.

Cratomyia macrorchiyncha sp. n.
(Figs [-8)

Material examined, - Holotype, MZUSP; paratype,
FFCLEP/USE. #DBRP-0051

Deseriprion, — Head, Present only in the holotype
(Fig. 1), which is preserved with the head rotated
1807, The head is large. Rattened postenorly, with
large eves (Fig. &), No signs of conspicuous ocular
selue can be observed, Proboscis well developed,
at least three times longer than the head, with an
apical enlargement (Figs 6, Tc). Maxillary palpus
possibly 2-segmented, long, almost one-fourth the
length of the proboscis (Figs 6. Tc). Antenna long
{only distal part visible), rather slender, with a
clearly multi-articulated Nagellum (Figs Te, d)
Thorax. Large, robust, aboul twice as long as
wide (Figs 1, 2), Scutellum differentiated. Medio-
tergite well-developed. No visible sign of insertion

Fig. 4. Wing venation of Cratmenag sacrerrncha gen., n. & spo ne reconstrocted on basis of rght and left wings of

the holotype and piritype
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Fig. 3. Apex of left wing of the holotvpe of Cratemmyia macrorrfovnoha gen n. & sp. o, Armows mdicate fusion of M,
to CouA,; and Cud, 1o A,

of large setue or spines. Legs well developed, fe-
mora appearing relatively short. tibiae longer and
more delicate (Fig, |} Tibiae with very well pre-
served dense setae, spurs not visible (Figs 7a, b),
Wing. Large, with dark brown pigmentation
{Figs 3-5). Vein C apparently ending between M,
and M, Sc complete, long, ending close o R,.
B, well developed. unforked. reaching the wing
margin closer 10 B, than o R, R, forking from
Rys rather apically, nearly straight from origin to
margin. B reéaching the wing margin before the
wing apex. Origin of Bs i basal half of the wing,
R.,. originating closer to r-m than o base of Rs.
Cross-vein r-m at the basal fourth of the discal
cell. M, with a distinct petiole, M, strongly
arched forward. Cross-vein m-m fused. M, con-
nected to CuAy before the wing margin. Cross-
velin bmi-cu produced just below r-m. fusing right
o CoAy Medial and cubital forks rather apical,
beyond the middle of the wing. A, well developed,

connected to CuAs apically. before the wing mar-
gin, closing cell cup. CuP clear.

Abdomen (only present in the holotype, Fig, 1),
Large, robust, slightly wider than thorax, about
twice as long as wide, Seven well-developed ter-
gites entirely covered in short setae (Fig. 8), first
tergite about hall as long as each of the following
five tergites, hind margin of terminal seventh ter-
gite obtusely rounded.

Measurements, Entire body (with proboscis)
24.0 mm: proboscis 7.0 mm: head (without pro-
boscis) 1.3 mm long, 3.0 mm wide; thorax 4.5 mm
long, 3.00 mm wide; abdomen 11.0 mm long, 5.5
mm wide, wing 12.0-13.5 mm long, 3.5-4.0 mm
wide,

Comments on the basal phylogeny of Brachy-
cera and the position of Cratomyia

In recemt years, imporiant advances have been
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Front leg

Fig. 6. Parts of head and sntenor legs of the helotype of Cratomyia macmorsiyncha pen: ne & spo no Abbreviations:

Ant = antenna, Prb = proboscis, MxP = maxillary palp.

made 1o the understanding of the basal phylogeny
of the Brachycera, but there is still considerable
conflict between different proposed schemes. The
first phylogeny proposed for the group is that of
Hennig (1954), slightly updated in Hennag (1973),
and it stood for o long tme as the only attempt to
understand the basal relationships of the group,
More recently. Woodley (1989) presented a new
hypothesis for the higher level relationships of the
Brachycera, Important additional comments on
brachyceran phylogeny were later published by
Griffiths (1994) and Sinclair et al. (1994b) based
on Woodley's (1989) paper. Woodley (1989) gave
infraorder rank 1o four magor monophylelic taxa in
the Brachycera, viz, the Xylophagomorpha, Strati-
amyomorpha, Tabanomorpha and Muscomorpha
and presented five synapomorphies for the entire
group, three of which relate to adult morphology
ireduction of antennal flagellomeres to-eight, max-

illary palpus two-segmented and veins Cud, and
A, with apices approximate, forming a nearly
closed cell cup).

Griffiths (1994) divided the Brachycera into five
subgroups:  Stratomyomorpha  (including  Pan-
ophthalmidae),  Vermileonomorpha  (including
Vermileonidae and the exunct Eremochaetoidea of
the Mesozoic), Tabanomorpha (including Xylo-
phagomorpha and Nemesirinoidea sensu Woodley,
but excluding Vermileomidae and Pantophthalmi-
dae), Pleroneura (= Asiloidea sensu Woodley ) and
Eremoneura, Griffiths suggested that the Stratiom-
yomorpha could be the sister-group of all other
Brachycera, based on his interpretation of the dis-
tal hook of the larval mouthparts,

Sinclair et al. (1994) kept the Vermileonidae in
the Tabanomorpha and, considering that the apex
of the aedeagus o be completely encircled by and
fused to the parameral sheath, suggest a close rela-
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Fig, 7. Crafomyia imacrorrfyneta gen, n. & sp. 0., holotype: (a) detatl of left posterior tibia; (b) detn) of abdomen, (¢)
detail of hewd sppendages showing long proboscis: (d) detail of antennal Ragellum: divisions between flagellomernes

indicated by arrows,

tiomship between Stratiomyomorpha and Musco-
morpha, just one level above the frst division of
the Brachycera. We have rejected here this posi
tiom for the Stratiomyomorpha.

The observation in the fossil species described
here of an antenna with at least seven articles, an
apparently two-segmented maxillary palpus with
long and robust articles, and veins Cud, and A,
close together, strongly songgests that Cratemvia
macrorrhyacia belongs in the Brachycera. Never-
theless, its precise position within the suborder is a
difficult question. The presence of a long probos-
cis with large and robust maxillary palpi could
suggest its inclusion in the Tabanidae or in the Ver-
milecnidag. This seems untenable, however, for
different reasons, Most Tabanidae and nearly all
Tabanomorpha, as discussed below, have vein R
reaching the wing margin bevond the wing apex.
Also, they have an open cell cup. different from

the closed cup cell of Craromyvia, The wing of
Cradennvia also differs from that of the Vermileon-
idae, since in this latter family the anal lobe is very
reduced, R, ends near the wing apex, and R clear-
Iy ends beyond the wing apex. much more distally
than in Cratowrivig. Finally, there are no Known ro-
bust vermileonid species.

The wing of Cratomyic rather resembles that of
Kylomyidae, except that in the fossil M, and M,
are petiolate basally beyond the discal cell, an aut-
apomorphy of C. macrorfivncha. This feature is
known Lo oceur o some recent and fossil Tricho-
ceridae and in some Tipulidae (see Alexander
1981, Alexander & Byers 1981, Sheherbakov et al.
1549350, but it 1s guite rare in the Brachycera —as an
example found in the dasypogonine asilid Dayy-
cyrion tener (see Artigas 19700 207, fig. 76). An-
other point is that the Xylomyidae have a short and
stout proboscis. very different from that of Cra-
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Fig. & Cratomyvia macrordnncha gen. n. & sp. n, holotvpe, postenor abdomanal rergites

teomyvia. These two Teatures, however, are aulapo-
morphies of Cratomyia and ns such provide no in-
formation on its systemitic position.

Another remarkable feature of Cratomyia is the
presence of a long, 7- or B-articled antenna. Ac-
cording to Woodley ( 1989), a ground-plan condi
tion of the Brachycera is an antenna consisting of
cight flagellomeres plus scape amd pedicel. The
co-existence of genera with multi-segmented and
reduced antennal flagellomeres in many different
famalies of Brachycera can only be explained in
terms of multiple origins and/or reversals of these
character states. Thus. the structure of the flagello
meere s oot a strong indicator of relanooshaps for
Cratomyia. though it helps 10 exclude it from some
of the higher brachyceran lineages

Character optimization for Cratomyia

To deal more closely with the problem of the posi

tion of Cratonivia, it s necessary o make an as-
sumption about the brachyceran higher level phy-
logeny W properly guide the character discussion,
In the eladogram (Fig. 9) it is attempted o gather
phylogenetic information for all basal families and
lineages of the Brachycera based on the papers by
Hennig (1973), Woodley (1989), Sinclair et al.
i 1994 and Griffiths ( 1994), Our intention is mere-
Iy 1o make an optimization study (see Maddison et
al. 1984) of characters verifiable in Cratomyia, not
o solve the relationships of the basal Brachycera
lincages. Accordinely. character support is nol -
dicated for all branches in the cladogram. We have
also excluded the Nemestnnoidea from the clado-
gram since they do not seem relevant 1o the discos-
ston of the position of Cratowivia, There has been
considerable dispute over the position of the Ne-
mestininoidea but we agree with Woodley ( 1989)
that the Nemestrinoidea are a good candidate as the
sister-group of the Asilomorpha + Eremoneura,
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The cladogram (Fig. 9) presents the optimiza-
tion of some character states observed in Crato-
mivia. Evidently, most of them show independent,
homoplastic oecurmences in different groups of
Brachyeern, Henee, it is necessary o gather posi-
ive and negative evidence 1o respectively include
or exclude the new taxon from the different clades,
Plesiomerphic features of Craromvia help to ex-
clude it from a number of clades. while apomor-
phic features give some clues for its inclosion in
other clades, Each chareter appeuring in Fig, 9 is
presented below, ollowed by a short discussion.,
Other observable head features. such as the num-
ber of segments in the maxillary palpi and the
length of the proboscis, show pronounced varia-
tion below the family-group level, so they are not
useful at this level of study. Character numbers
fillowed by an asterisk (%) indicale homoplastic
origin of the character within the cladogram.

Lo Vein B, long, ending near ar the apex of the

wing far apert from R shoer, ending close 1o &
A long R.., is also seen. among other Brachyeera,
in the Pantophthalmidue, Vermileonidae and part
ol the Tabanomorphi, Even though some therevids
and many Eremoneura have o short B, these ane
independent developments and the long Ry, be-
longs also 1o the ground plan of these groups. The
apomorphic condition most probably originated
independently at the base of the Athericidae. the
Xylophagidae and the Xylomyidae + Stratiomyi-
dae, Cratomyvia exhibits the plesiomorphic condi-
tiom and 5o can be excluded from clades with a
short By

2. Basal sector of Rs long / shore.

The length of the basal sector of Rs varies consid-
erably within different famalies and in some cases
(he variation 1% nearly continuous. Most families
have this feature in the plesiomorphic condition, as
is also found in Cratemyvie, Xylomyidae and Stra-
tiomyidae, however, have the basal sector of Rs
consistently shorter than the condition found in
Pantophthalmidae. This feature excludes Cratoni-
vigr from the recent Xylomyidae or Stratiomyidae,

A Distal flagellomeres separated 7 fused.

There is considerable variation in the number of
Nagellomeres in the busul Families of Brachyeeru,
but a fusion of Nagellomeres may be considered
autapemorphic for the Pleuroneurn, Independent
reductions of flagellomere below the family level

INSECT SYST. EVOL. 31:1 (2046))

has taken place, for example. in the Vermileoni-
dae, Rhagionidae and Stratiomyidae. Little or no
fusion of the flagellomeres has taken place in Cra-
tomvia und excludes it from many groups,

4. Vein Rs reaching wing margin just before apex

af the wing £ well beliind apex of the wing.
The displacement of B; to a position behind the
wing apex seems to be a synapomorphy for the
Vermileonomorpha, Tabanomorpha and  Pleuro-
neurs, with an independent gain in the Pantoph-
thalmidae. A reversal w the plesiomorphic condi-
tion has appararently taken place i the Rhagioni-
die + Pelecorhynchidae, The plesiomorphic state
of R in Cratemyvia is clearly plesiomorphic and
rather incompatible with, for cxample. the hypoth-
csis that it fits into the Tabanidae.

S Crewsvend v at the basal fourtl of the diseal
cell / placed more distally,

A distal displacement of r-m 15 found in Hetere-

seewnmees and in the Asilidae + Therevidae hineage. It

15 plesiomorphic in Cratomyia,

A, Vein M; present £ absent

Al the level focused in this study, a reduction of
M. appears to be an autapomorphy of the Eremao-
neurs. Independent reductions of M; have in Bra-
chyvcera occurred repeatedly below the family lev-
el and are not focused on here. Stratiomyidae, as
an example. show the plesiomorphic condition in
the ground plan, while the genus illustrating the
family in Fig. % shows the apomorphic condition,
Cratomvia is plesiomorphic for this characier.

7. Vein R o aevedght £ R with o forward arch
midway to the apex,

The churacteristic forward arch of R, appears

synapomorphic for Heterostomy and Exeretonev-

raameng the Xylophagidae, Craromvie 15 plesio-

morphic for this feature.

& Vein C circumambient / falling shot of posteri-
ar margin of wing.

The incomplete vein C is o probable synapomor-

phy for Cratemyvin and the Xylomyidae + Stratio-

myidag, The plesiomorphic condition s seen in

Pantophthalmidae among the Stratiomyomorpha

and in the most other families of lower Brachycera.

Y Vein M, reaching wing margin £ fused o Cad,
distally,
The distal Tusion of M, and CuA, has ocourred
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many limes in the evolution of the Brachycera, It is
seen in Panmtophthalmidae, Xylomyidae, some Xy-
lophagidae, Vermileonidae, and in occasional gen-
era of larger families such as Asilidae and There-
vidue, Those genera of Stratiomyidac with a pre-
served My have this vein Tree from Cudy, but this
condition may be due o a secondary reversal, so
the fused condition is here considered as an aut-
apomorphy for the Stratiomyomorpha. The fused
M, and Cud | once again points to an inclusion of
Cratomvia in the Stratiomyomorpha and contra-
indicates. for example. an association with the Ta-
banidae.

HL Vein Coads reaching wing margin / fused 1o A,
disrally.

The distal fusion of CuA, and A, has also ocourred
many times within the evoloution of the Brachyce-
rit. It is apparently been indepedently attained in
Eremoneura, in Tabanidas + Athericidae, 1wice
within Xylophagidae (Heterostomuy and Rachi-
cerus)y, and in Stratomyomorpha, The apomorphic
condition in Crafomuyvia supports its inclusion in
the Stratiomycimorpha.

L Vein My almest straight / stronglv archedd,

Wein M, 15 only slightly arched in most families of
Brachycera. Pantophthalmidae and Xylomyidae,
however, have M, strongly arched. In Stratiomyi-
dae all the veins originating from the discal cell
are considerably modified. It is plausible, there-
fore, that the straight M, in this family is due to a
secondary modification. Even though the medial
lork 15 petiolate distal o the discal cell in Crato-
wvia, the M arch is very prominent and adds sup-
port o the inclusion of Cratesnyia in the Stratio-
myomorpha.

Final comments

The plesiomorphic condition of characters 1-7 in
Cratomyvia is sufficient to exclude it from most re-
cent lineages of Brachycera, but especially from
families with higher position in the system with
which il shares some similarities, as is the case of
the Tabanidae. Still, a couple of apomorphies that
Cratomivicr shares with other groups of lower Bra-
chycera give some clues to its phylogenetic posi-
tion. Especially the distal fusion of CuA, with A,
the arched M, the distal fusion of M, with CuA,
and the ubbreviated vein C are all features support-
mg the inclusion of Cratesrvia in the Stratio-
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myomorpha. Alternative options, given the data
presently available, are less likely in our opinion
Within the infracrder Stratiomyomorpha, Cri-
vl is definitely not a member of the Pantoph-
thalmidae or Stratiomyidae. as it shows none of
the autapomorphics known for these fumilics.
There exists some similarilies with the Xylomyi-
dae, especially Xvlomye, but these are mainly
based on plesiomorphies, The abbreviated vein C
icharacter 5) is an apomorphic state that Cretom-
vig shares with Xylomyidae and Stratiomyidae
and suggests that Cratemivia is the sister-group of
Kylomyidae + Stratiomyidae. Woodley (1989)
listedd the costal reduction, among other characters,
as o possible autapomorphy for Stratiomyomor-
pha. Pantophthalmidae have a circumambient vein
C and the family was not included in the Stratiom-
yomorpha by Woodley (1989). Subsequently, as
proposed by Griffiths { 1994 and followed by Gni-
maldi & Cumming [ 1999], has been incuded as the
most basal lineage of the Stratiomyomorpha, We
have siudied three species of Pantophihalmidae
(twiy Parrophthalius and one Operiops) which all
showed a complete costal vein along the wing
margin. The costal reduction, hence, is shared only
by Cratermyvia and the Xylomyidae and Stratiomyi-
dae among recent Stratiomyomorpha. The extend-
ed proboscis of Cratomyia is certainly derived and
strikingly different from the short proboscis found
in Xylomyidae and in the groundplan of Stratio-
myidae. The very short basal sector of Rs (charac-
ter 2} is a possible synapomorphy for Xylomyidae
and Stratiomyvidae and reinforces that Craromvia
is the sister-group and thus demands a family-sta-
s of its own, Autapomorphies for Cratomyiidae
fam, n. are the petiolate vein M., the long pro-
hoscis, and the darkly patterned wing membrane.
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