
New fossil bee flies (Diptera: Bombylioidea) in the
Lowermost Eocene amber of the Paris Basin

A new genus and two new species of bee flies are described from the Lowermost Eocene amber of the Paris basin:
Paradolichomyia eocenican. gen, n. sp. (Bombyliidae: Toxophorinae) and Proplatypygus matilein. sp.
(Mythicomyiidae).Paradolichomyia eocenican. gen, n. sp. represents the oldest fossil record of Bombyliidae. It is
closely related to the two modern genera DolichomyiaWIEDEMANN 1830 and ZaclavaHULL 1973 (Toxophorinae:
Systropodini). This discovery suggests that the present Gondwanan distribution of the Systropodini is an artefact
related to the climatic changes in the Tertiary. Proplatypygus matilein. sp. appears to be more closely related to the
Baltic amber species P. succineusHENNIG 1969 than to the Upper Cretaceous amber P. rohdendorfiZAITZEV 1986.

Insecta. Diptera. Bombyliidae. n. gen. n. sp. Eocene Amber. France.

INTRODUCTION

Bombyliid flies are not rare in the fossil record, with 33
described genera and 51 species (Evenhuis, 1991, 1994).
We have recently discovered in the Eocene amber of the
Paris basin an extraordinary fossil fly, with a rounded head
and a very long ‘neck’, that we describe below.

The phylogenetic relationships, monophyly and com-
position of the Bombyliidae are still rather controversial.
Among other authors, Yeates and Irwin (1992, fig. 55)
excluded HeterotropusLOEW from the Bombyliidae and
characterized the family on the sole basis of the potential
autapomorphy ‘larvae parasitic, with hypermetamorpho-
sis’, after Woodley (1989). Yeates (1992) excluded the Pro-
rates group of genera and transferred it into the
Scenopinidae. Wiegmann et al. (1993) indicated that the
Bombyliidae s.l. is ‘apparently paraphyletic’. Sinclair et al.
(1994) supported the monophyly of the Bombyliidae, on
the basis of the genital structures, but ‘exclusive of

Mythicomyiinae and HeterotropusLOEW’. Yeates and
Wiegmann (1999) added that ‘morphologically, the mono-
phyly of Bombyliidae is not well supported’, even after the
exclusion of several other lineages.

The subfamily classification of the Bombyliidae is also
controversial. Important changes occurred between the
works of Mülhenberg (1971), Hull (1973), Zaitzev (1992)
and Yeates (1994). We follow the latter work because it is
the only available cladistic analysis of the whole family.

We follow the body and wing venation terminology of
McAlpine (1981a) and of Yeates (1994).

SYSTEMATIC PALAEONTOLOGY

Superfamily: Bombylioidea LATREILLE, 1802
Family: Bombyliidae LATREILLE, 1802

Subfamily: Toxophorinae SCHINER, 1868
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GENUS Paradolichomyian. gen.

Type species: Paradolichomyia eocenica,by mono-
typy.

Diagnosis: This new genus belongs to the Tox-
ophorinae (sensuYeates, 1994). It differs from all mod-
ern genera of this subfamily in the following characters:
(1) antepronotum enlarged, saddle-like; (2) neck very
elongate; (3) body nearly completely bare; (4) cross-
vein dm-cu straight, not sigmoidal; (5) occiput strongly
tumid.

Etymology: After its close relationship with the genus
Dolichomyia. Gender is feminine.

Paradolichomyia eocenican. sp.
Figures 1 and 2

Material: Holotype specimen PA 8334, in collection
De Ploëg deposited in Muséum National d’Histoire
Naturelle, Paris.

Occurrence: Le Quesnoy, Chevrière, region of Creil,
Oise department, France.

FIGURE 1 Paradolichomyia eocenica n. gen., n. sp., holotype specimen PA 8334. A) Habitus reconstruction. B) Photograph of
general habitus (scale bar: 1    mm).
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Geological age: Lowermost Eocene, Sparnacian, level
MP7 of the mammal fauna of Dormaal. It was demon-
strated that the amber is autochthonous and very different
from Baltic amber in age, chemical composition, and ori-
gin (Nel et al., 1999).

Etymology: After the Eocene period.

Diagnosis: That of the genus.

Description: Head nearly bare, rounded, 0.88 mm long;
face not tumid (Fig. 1A); vertex not concave; postcranium
(occiput) strongly tumid, without concavity surrounding
occipital foramen; only few short setae along occipital
margin, occiput bare; maxillary palpus present, rather
large, 0.1 mm long and 1-segmented; palpal pit absent;
maxilla rather long, 2-3 times longer than palpus; apical
end of antennae missing; eyes dorsally holoptic, meeting
for long distance along midline, covering nearly all anterior
part of head; facets subequal, not smaller ventrally than
dorsally; posterior eye margin simple; ocellar tubercle pos-
teriorly projected, with 2 large, anteriorly directed setae, 40
µm long; ‘labrum + mandibles + labrum-epipharynx’ (pro-
boscis) very long and slender (preserved part nearly as long
as eye), but its distal part is missing; first antennal segment
cylindrical long and slender, 0.1 mm long, with few short
setae; second short, 0.04 mm long, widest apically and as
long as its apical width, with crown of short setae; third
segment long, laterally compressed, with numerous very
short setae, but distal part missing.

Thorax bare (Fig. 1B); antepronotum enlarged,
saddle-like with very long anterior part, 0.3 mm long, and
two anterior humps; second laterocervical sclerite with
large anterior part; first laterocervical sclerite triangular;
neck very elongate; flange above wing base; prealar bris-
tles present but small; anepimeron, laterotergite and
mediotergite bare; laterotergite and mediotergite with
small ridge; metepisternum and metepimeron enlarged.

Wing narrow (Fig. 2), subpetiolated, 3.46 mm long,
0.9 mm wide; C apparently continuing around wing, not
ending at apex; basal section of Rs short, R2+3 branching
obliquely from R4+5, simple, slightly curved at its distal
end; R4+5 branched; R4 sigmoidal; R5 nearly straight; spu-
rious vein undeveloped; M2 absent; discoidal cell dm
0.72 mm long and 0.24 mm wide; cell bm with 3 distal
corners; CuA2 reaching posterior wing margin; CuP
reduced, not reaching CuA2 and vanishing in narrow area
between CuA2 and posterior wing margin; A1 and A2
absent; alula very reduced; numerous scales present in
posterior part of wing.

Legs very long and slender; prothoracic femur 0.9
mm long, tibia 1.14 mm long; mesothoracic femur 1.04
mm long, tibia about 1.44 mm long, metathoracic
femur not strongly swollen, 1.9 mm long, 0.12 mm
wide, tibia about 1.4 mm long; tarsi also very long but
incomplete; mesothoracic and metathoracic coxae well
separated.

Abdomen very elongated and narrow, about 4.1 mm
long; spiracles not visible in tergites, probably located in
pleural membrane; apical end of abdomen partly
destroyed; epandrium with posterior margin concave.

Discussion: After the key to dipteran families pro-
posed by McAlpine (1981b), this fossil taxon falls into
the Bombyliidae, because of its large eyes meeting dor-
sally, wing venation, vertex not concave, ocellar tubercle
in a posterior position, and one-segmented palpus.

If we follow the key to the Nearctic genera of Hall
(1981), this fossil would fall into the Toxophorinae (Lepi-
dophoraWESTWOOD1835 and ToxophoraMEIGEN 1803).
After the key of the Palaearctic Bombyliidae of Great-
head and Evenhuis (1997), it would fall in Toxophorinae
close to SystropusWIEDEMANN 1820. After the key of
Zaitzev (1992), it falls into the Systropodidae (= Sys-

FIGURE 2 Paradolichomyia eocenica n. gen., n. sp., holotype specimen PA 8334, photograph of wing (scale bar: 0,5 mm).
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tropodinae + Toxophorinae). After the key of Yeates
(1994), it also falls into the Toxophorinae.

The significance of these groups has greatly varied in
the literature. Rohdendorf (1960), followed by
Krivosheina (1990, 1991), proposed to separate the Sys-
tropodidae from the Bombyliidae. Zaitzev (1992) fol-
lowed her and proposed to divide Systropodidae into Sys-
tropodinae (Systropus, DolichomyiaWIEDEMANN 1830 and
ZaclavaHULL 1973) and Toxophorinae. He included in
this last group the genera Toxophora, Lepidophoraand
Palintonus FRANÇOIS 1964. Yeates (1994) criticized
Zaitzev’s work and divided the Toxophorinae into Tox-
ophorini (Toxophora), Gerontini (Geron MEIGEN 1820)
and Systropodini (Systropus, Dolichomyiaand Zaclava).

The antepronotum of Paradolichomyian. gen. is as
enlarged as that of Toxophora(main autapomorphy of
Toxophorini), but it is bare, instead of having large setae
and its shape is completely different, not rounded but
saddle-like. Thus, it could correspond to a superficial
convergency rather than to a synapomorphy. Neverthe-
less, Paradolichomyian. gen. and Toxophorashare the
large anteriorly directed setae on ocellar tubercle and
presence of scales on wings.

Paradolichomyian. gen. has its metepisternum and
metepimeron enlarged and its abdomen elongate and
cylindrical as in Systropodini (main autapomorphies).
Furthermore, the antennae of Paradolichomyian. gen. are
more similar to those of Dolichomyiathan to any other
Toxophorinae, with the second segment short and round-
ed (Hull, 1973). Also, its petiolated wing with anal vein
very reduced is a potential synapomorphy with
Dolichomyiaand Zaclava. This vein is completely absent
in Zaclava, also, its metathoracic femora are strongly
swollen, unlike in Paradolichomyian. gen. This would
suggest a closer affinity between Paradolichomyian. gen.
and Dolichomyia but Paradolichomyian. gen. shares
with Zaclavathe occiput well exposed and the presence
of long anteriorly directed setae on the ocellar tubercle
(Hull, 1973).

The exact affinities of Paradolichomyian. gen. with
Toxophorini and Systropodini remain difficult to estab-
lish, but it is probably more closely related to the two
genera Dolichomyiaand Zaclava.

Comparison with the fossil taxa attributed to the
Toxophorinae sensu Yeates (1994)

Hull (1973) and Evenhuis (1994) listed 11 species
attributed to the ‘Toxophorinae’ and ‘Systropodinae’. All
are fossil impressions on Oligocene lacustrine sediments
from North America and Western Europe. All these
species need redescription because they are rather incom-

pletely described and important characters of the head
and thorax are not indicated. Only their wing venation is
rather well known. 

The fossil genus MelanderellaCOCKERELL 1909 (one
species M. glossalisCOCKERELL 1909, Oligocene, Floris-
sant, Colorado, U.S.A.), attributed to the ‘Systropinae’ by
Hull (1973), differs from Paradolichomyian. gen. in its
vein R2+3 separating from R4+5 at the very base of Rs and
in its anal cell large and complete, closed on the posterior
wing margin (which implies the presence of a complete
anal vein) (Cockerell, 1909a). These fossils share a cross-
vein dm-cu straight, not sigmoidal.

The fossil genus PachysystropusCOCKERELL 1909
(two species P. rohweriCOCKERELL 1909 and P. condem-
natusCOCKERELL 1910, Oligocene, Florissant, Colorado,
U.S.A.) has a closed anal cell (Cockerell, 1909b, 1910).

The original description of Dolichomyia tertiaria
COCKERELL 1917 (Oligocene, Florissant, Colorado,
U.S.A.) is very poor and incomplete. The main informa-
tion is that its ‘venation is exactly like Dolichomyia’
(Cockerell, 1917). A revision of this fossil is necessary.

Dolichomyia testea(MELANDER 1949) (Oligocene,
Florissant, Colorado, U.S.A., named Dolichomyia tes-
tacea in Evenhuis, 1994). This species was originally
placed in the genus Melanderella, maintained in this
genus by Hull (1973), but transferred to Dolichomyiaby
Evenhuis (1994), without explanation and redescription.
It differs from Paradolichomyia n. gen. (and
Dolichomyia) in its metathoracic femora incrassate
(Melander, 1949).

Only the wing venation of Systropus acourtiCOCK-
ERELL 1921 (Upper Eocene, Gurnet Bay, Isle of Wight,
U.K.) is described. It has a closed anal cell (Cockerell,
1921). Systropus rottensisMEUNIER 1917 (Oligocene,
Rott-am-Siebengebirge, Germany) has also a closed anal
cell, unlike Paradolichomyian. gen.

The fossil genus AlepidophoraCOCKERELL 1909 (3
species from the Oligocene, Florissant, Colorado, U.S.A.,
A. pealeiCOCKERELL 1909, A. cockerelliMELANDER 1949,
A. minor MELANDER 1949 and one species A. maxima
LEWIS 1972 from the Oligocene of the Ruby River basin,
Montana, U.S.A.) is considered as a Toxophorinae in Hull
(1973). They have closed anal cells and rather broad
abdomens (Cockerell, 1909b; Melander, 1949; Lewis,
1972).

Superfamily: Bombylioidea LATREILLE, 1802
Family: Mythicomyiidae MELANDER, 1902

GENUS ProplatypygusHENNIG 1969
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Type species: Proplatypygus succineusHENNIG 1969.

Other species: Proplatypygus rohdendorfiZAITZEV

1986, Proplatypygus matilein. sp.

Remark: The mythicomyiid flies have been treated
traditionally as a subfamily of the Bombyliidae. Zaitzev
(1992) raised them to familial status and demonstrated
they are probably monophyletic. Yeates (1994) corrobo-
rated this hypothesis but considered them as a subfamily
of the Bombyliidae. Evenhuis (1994) considered them as
a separate family.

Proplatypygus matilein. sp.
Figure 3

Material: Holotype specimen PA 2358 (sex
unknown), in collection De Ploëg housed in Muséum
National d’Histoire Naturelle, Paris.

Occurrence: Le Quesnoy, Chevrière, region of Creil,
Oise department, France.

Geological age: Lowermost Eocene, Sparnacian, level
MP7 of the mammal fauna of Dormaal.

Etymology: To the memory of Professor Loic Matile,
Dipterologist at the Muséum National d’Histoire
Naturelle, Paris.

Diagnosis: This species differs from Proplatypygus
succineusand Proplatypygus rohdendorfiin its relatively
narrow cell dm, more than twice longer than broad, veins
CuA2 and A1 well separated, thorax excessively hump-
backed and scutellum higher than long.

Description: Head nearly bare, rounded, 0.7 mm long;
face not tumid (Fig. 3B); vertex not concave; postcranium
(occiput) more or less flat, without concavity surrounding
occipital foramen; no visible setae along occipital margin,
occiput bare; maxillary palpus absent; maxillae not visi-
ble; labrum with short microtrichia at apex; ‘labrum +
mandibles + labrum-epipharynx’ (proboscis) shorter than
the head, 0.4 mm long; eyes strongly approximate with
front very narrow; eyes not dorsally meeting, but broad
and covering nearly all anterior part of head; facets not
smaller ventrally than dorsally; posterior eye margin sim-
ple; ocellar tubercle posteriorly projected, but without any
setae; first antennal segment cylindrical nearly as long as
second; second short, broader than first; third segment
pear-shaped, narrowed apically, longer than second, later-
ally compressed, with numerous very short setae; flagel-
lum very slender, as long as third segment, with small api-
cal flagellomere.

Thorax bare and high (Fig. 3A and 3C); antepronotum
not enlarged, mesonotum strongly humped, rounded and

convex, 0.66 mm high, with several rows of minute setae;
scutellum bare, flattened and narrow, higher than long.

Wing hyaline, not petiolated, 2.5 mm long, 0.72 mm
wide; C ending at wing apex, midway between apices of
R4+5 and M1; basal section of Rs 0.32 mm long, R2+3

branching obliquely from R4+5, simple, slightly curved at

FIGURE 3 Proplatypygus matilei n. sp., holotype specimen
PA 2358. A) Photograph of general habitus, left. B) Habi-
tus reconstruction. C) Photograph of general habitus, right.
Scale bar: 1 mm.
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distal end on anterior wing margin; R4+5 unbranched and
straight; spurious vein undeveloped; M1 sigmoidal; R4+5

and M1 parallel at wing margin; M2 present, straight; dis-
coidal cell dm broad, 0.56 mm long and 0.20 mm wide;
CuA2 reaching A1 very close to posterior wing margin;
A2 not visible; no scales on wing surface.

Legs long and slender; prothoracic femur 0.60 mm
long, tibia 0.72 mm long; mesothoracic femur about 0.70
mm long, metathoracic femur, 0.80 mm long, 0.10 mm
wide; tarsi five-segmented; pulvilli rounded; empodia
absent; claws curved; both tibiae and femora with numer-
ous setae but no spines.

Abdomen short and obtuse, about 1.40 mm long and
0.80 mm high; spiracles located on tergites; genital struc-
tures not visible.

Discussion: After the key of families proposed by
McAlpine (1981b), this fossil falls into the ‘Bombyli-
idae’, because of its empodia absent, palpus absent, CuA2

joining A1, spurious vein absent, structure of vein M, ver-
tex not concave, ocellar tubercle rejected posteriorly, and
cell dm present.

After the key of Zaitzev (1992), Proplatypygus matilei
n. sp. falls into the ‘Mythicomyiidae’ because of the sim-
ple R4+5, abdominal spiracles on tergites, head distinctly
smaller than large mesothorax. Proplatypygus matilein.
sp. also falls into the ‘Mythicomyiinae’sensuYeates
(1994) because of: (1) postcranium flat, without a con-
cavity surrounding occipital foramen; (2) R4+5 simple
(synapomorphy, after Yeates, 1994); (3) palpus absent
(synapomorphy, after Yeates, 1994); (4) abdominal spira-
cles on tergites (synapomorphy, after Yeates, 1994); (5)
labrum with small hair at apex; and (6) costal vein ending
between apices of R4+5 and M1.

The division of the ‘Mythicomyiinae’sensuYeates
(1994) into subgroups remains controversial. Yeates
(1994) noted that ‘the subfamily is urgently in need of
revision using a larger spectrum of characters.’ Neverthe-
less, this author recognized five tribes, i.e. the Psiloderini,
Cyrtosiini, Platypygini, Mythicomyiini, and Empidideici-
ni. Zaitzev (1992) divided his ‘Mythicomyiidae’ into
Platypyginae, Cyrtosiinae and ‘Mythicomyiinae’.

The [Platypyginae & Cyrtosiinae] sensuZaitzev
(1992) more or less corresponds the Platypyginae sensu
Hull (1973) (= Psiloderini & Cyrtosiini & Platypygini
sensuYeates, 1994). The only difference is the genus
CephalodromiaBECKER 1912, synonymized with Cyr-
tosiaPERRIS1839 by Hull (1973) but apparently restored
by Zaitzev (1992). The Psiloderini contain the genus
PsiloderoidesHESSE1967. The ‘Mythicomyiinae’sensu
Zaitzev (1992) comprise the same genera as in Hull

(1973), plus the genus MnemomyiaBOWDEN 1975.
Zaitzev also considers AcoecusHULL 1973 and Cyr-
toidesENGEL 1933 as genuine genera, unlike Hull (1973)
who considered them as subgenera. Zaitzev (1992) and
Yeates (1994) separated the ‘Mythicomyiinae’ into
Empidideicini [= genera EmpidideicusBECKER 1907,
Cyrtoides, AnomaloptilusHESSE1938, LeylaiyaEFFLA-
TOUN 1945 and Mnemomyia(see Bowden, 1975)] and
the Mythicomyiini. Lastly, Greathead and Evenhuis
(2001) revised the African subfamilies and genera of
Mythicomyiidae and proposed a new classification we
follow herein.

Following their key, this fossil would fall in the sub-
family Platypyginae because the following characters:
vein R4+5 ending in C at a level clearly well beyond end
of vein M2; R2+3 present, well separated from R1 and
long, similar to R4+5. Nevertheless, it shares with the sub-
family Leylaiyinae Greathead and Evenhuis 2001 the
veins R4+5 and M1 parallel at wing margin.Thus, its sub-
family position remains uncertain.

We exclude our fossil taxon from the Empidideicinae
because they have no free vein R2+3, the Mythicomyiinae
because their R2+3 ends in R1, and the Glabellulinae
because their R4+5 and M1 are diverging. The Psiloderoid-
inae have their vein R2+3 distinctly shorter than that of P.
matilei n. sp. and very divergent from R4+5. Evenhuis
(2001, p. 137) described the African genus Hesychastes
that ‘does not fit in any of the existing subfamilies’. It dif-
fers from P. matileiin its R2+3 ending in the C just beyond
the junction of R1 with the C.

Within the Platypyginae, this fossil does not fall in
Cephalodromiaand Cyrtosiabecause of its closed cell
dm. CyrtisiopsisSÉGUY 1930 has a very long proboscis,
its vein Sc is incomplete and its thorax is not excessive-
ly humpbacked, unlike P. matilein. sp. The species of
PlatypygusLOEW 1844 have a long proboscis, ‘a little
longer than the length of the head’ (Hull, 1973). Ahessa
GREATHEAD and EVENHUIS 2001 has its R1 short, ending
in C before level of r-m cross-vein, unlike P. matilein.
sp.

Among the fossil taxa attributed to the Mythicomyi-
idae sensuEvenhuis (1994), Glabellula electrica(HENNIG

1966) [Upper Eocene Baltic amber, originally described
under the fossil genus Proglabellula HENNIG 1966 and
synonymized with the Recent taxon Glabellula arctica
ZETTERSTEDT 1838 by Schumann (1991), followed by
Evenhuis (1994)], Glabellula hannemaniSCHUMANN 1991
(Miocene Saxonian amber, Germany) and Glabellula
kuehnei SCHLÜTER 1976 (Oligo-Miocene amber of
Dominican Republic) have the typical wing venation of
the Mythicomyiini (Hennig, 1966; Schlüter, 1976; Schu-
mann, 1991).

New bee flies in the Eocene amber of OiseA. NEL and G. DE PLOËG
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Palaeoplatypygus zaitzeviKOVALEV 1985 (in Kalugina
and Kovalev, 1985) [Middle Jurassic of Siberia] has a
very broad cell dm, only slightly longer than broad, unlike
P. matilein. sp. Protocyrtosia sukatshevaeZAITZEV 1986
(Upper Cretaceous, Taymyr, Siberian amber) has its veins
M1 and M2 arising from a common base, unlike P. matilei
n. sp.

The fossil genus Proplatypygus comprises two
species, P. succineusfrom the Baltic amber and P. rohden-
dorfi from the Taymyr amber (Upper Cretaceous, Siberia).
Proplatypygus matilein. sp. shares with this genus a very
similar wing venation, shape of the thorax, abdomen,
head, antenna, and short probosci. P. rohdendorfidiffers
from P. matilei n. sp. in its broader cell dm and veins
CuA2 and A1 well separated. P. succineusand P. matilei
n. sp. have nearly the same wing venation, the main dif-
ference being the distal fusion of CuA2 with A1 in P.
matilei n. sp. This last species also differs from P. suc-
cineusin its excessively humpbacked thorax and its high-
er than long scutellum.

Zaitzev (1986) considered that Proplatypygus is
‘closest to the modern Platypygus’. Greathead and Even-
huis (2001, p. 129) included it in the Psiloderoidinae,
but the vein R2+3 is not much shorter than R4+5 in this
genus. Because of the lack of phylogenetic analysis of
the Mythicomyiinae sensuYeates (1994), it is impossi-
ble to precisely determine its exact affinities within this
group.

Biogeographic and palaeoclimatic implications

The genus Systropus is Nearctic, Neotropical,
Afrotropical, Indo-Malaysian, Australian and Eastern
Palaearctic (South China) (Evenhuis and Greathead,
1999). Zaclavais known from the Australian and Pacif-
ic region. Dolichomyia is Nearctic and Neotropical
(Hull, 1973; Zaitzev, 1986; Evenhuis, 1979). The pres-
ence of a fossil species closely related to the Sys-
trophorini in the Lowermost Eocene (and probably also
Oligocene, if the previously described species are cor-
rectly attributed) of Europe suggests that the primarily
Gondwanan pattern of distribution of this group is not
relictual but just an artefact of extinction due to climatic
changes in the Tertiary. The previous oldest fossil
records of the Bombyliidae sensu stricto were from the
Upper Eocene Baltic amber (Evenhuis, 1994; Greathead
and Evenhuis, 2001). The present new genus and
species together with the very recent discoveries (June
2002) in the same French amber and in the Paleocene
paleolake of Menat (Puy-de-Dome, France) of other
Bombyliidae belonging to very different subfamilies
suggest that this family is older than previously sup-
posed and probably appeared during the Upper Creta-
ceous (Nel, under study).

The Mythicomyiidae are more or less distributed over
all continents and are present under a wide range of cli-
mates, although they seem to be less frequent in the inter-
tropical regions (Hull, 1973, text-figs. 36 and 39). Becau-
se of the lack of phylogenetic analysis, the fossil species
of Proplatypyguscannot be used to infer any palaeoclima-
tic information (Nel, 1997).
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