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ABSTRACT

On the basis of recently collected material, the genus Brachystoma Meigen, 1822 (Brachystomatidae Me-

lander, 1908) is revised in Europe. Two species, B. vesiculosum (Fabricius, 1794) and B. obscuripes Loew,

1856 are recognized, redescribed, illustrated, with their DNA barcode sequence provided. Tergite 7 of
KEY WORDS  Brachystoma females is considerably developed and forms a vesicle which encloses the segments which

Empidoidea,  are normally posterior to it as well as the cerci. Many recently collected female specimens of B. obscuripes
B’é‘:jﬁ’;ﬁggﬂ %Zggg"z’ show a vesicle filled with soil particles and possibly mucus. We postulate that the female collects soil
)iectory iﬁcat;ﬂnj particles that are mixed with eggs and mucus in this vesicle. Hence the eggs would be protected after
oviposition behaviour. deposition; a similar behaviour is well known in some bee flies (family Bombyliidae Latreille, 1802).
RESUME

Révision du genre Brachystoma Meigen, 1822 pour I'Europe (Diptera, Brachystomatidae) avec la décou-
verte possible d'un comportement d oviposition.

Le genre Brachystoma Meigen, 1822, sur la base de matériel récemment collecté, est révisé pour
I'Europe. Deux espéces, B. vesiculosum (Fabricius, 1794) et B. obscuripes Loew, 1856, sont reconnues,
redécrites, illustrées, et leur séquence barcode fournie. Le tergite 7 des femelles de Brachystoma est
considérablement développé et forme une vésicule qui renferme les segments qui lui sont normale-

MOTS CLES ment postérieurs ainsi que les cerques. De nombreux spécimens femelles de Brachystoma obscuripes,

Empidoidea, récemment collectés, montrent une vésicule remplie de particules provenant du sol et sans doute du

B”g;:g’/;fggfn ZE;ZZZ;;‘Z? mucus. Il est postulé ici que les femelles récupérent des particules du sol qui se mélangent au mucus

){ectotypiﬁcatf)n: et aux ceufs. Ceux-ci seraient ainsi protégés apreés leur ponte. Un comportement similaire est bien
comportement d’oviposition. connu chez les dipteres Bombyliidae Latreille, 1802.
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INTRODUCTION

The family Brachystomatidae is a relatively small group
of Diptera Empidoidea, and comprises three subfamilies
(Brachystomatinae Melander, 1908, Ceratomerinae Collin,
1928 and Trichopezinae Sinclair & Cumming, 1994) and
26 genera (Sinclair 2017, 2021, 2022 and pers. comm). The
subfamily Brachystomatinae is a monophyletic subfamily
including three known genera: Anomalempis Melander, 1928
Brachystoma Meigen, 1822 and Xanthodromia Saigusa, 1986
(Sinclair & Cumming 2000).

Brachystoma is distributed throughout the Northern Hemi-
sphere and includes ten species: four species from North
America, three species from Japan, one species from Thailand
(Saigusa 1963; Yang ez al. 2007; Plant 2010), and two species
from Europe (Yang ez al. 2007).

The two European species are Brachystoma vesiculosum (Fab-
ricius, 1794) and Brachystoma obscuripes Loew, 1856. Fabricius
(1794) described Syrphus vesiculosus based on material collected
in Italy. In 1822, Meigen created the genus Brachystoma for
an European species, Brachystoma longicornis Meigen, and the
species described by Fabricius under the combination Brachys-
toma vesiculosa. Blanchard (1840) designated B. vesiculosa as the
type species of the genus whereas Rondani (1856) transferred
B. longicornis to his new genus Trichopeza. Finally, Loew (1856)
described Brachystoma obscuripes from Corsica (not Sardinia:
see explanation below), the only European species added to
the genus Brachystoma since Meigen.

B. obscuripes is endemic from Corsica and Sardinia whereas
B. vesiculosum has a much wider distribution in Europe
although it is particularly common around the Mediter-
ranean Basin.

Long after their respective original description, B. ve-
siculosum and B. obscuripes were considered conspecific and
synonyms by Frey (1956). Frey was followed by Chvéla &
Wagner (1989) in the Catalog of Palacarctic Diptera as well
as various databases such as Systema Dipterorum and the
Global Biodiversity Information Facility, but B. vesiculosum
and B. obscuripes are considered as two distinct species by Yang
et al. (2007) without justification. As the two species are very
similar, occur in the Mediterranean Basin, and have not been
studied since their original descriptions, the objective of this
paper is to redescribe them in detail from recently collected
material, using both morphology and DNA barcoding.

MATERIAL AND METHODS

Morphological terminology follows McAlpine (1981) and
Cumming & Wood (2017), except for the antennal structure,
which follows Stuckenberg (1999). Interpretation of male
genital sclerites is based on Daugeron (1997). Male genitalia
were dissected and macerated in hot 10% KOH, positioned
in glycerine and drawn using a camera lucida.

The material studied in this work was collected between
2006 and 2019 in various localities of French mainland and
Corsica as well as in Italy (Sardinia), and temporarily preserved
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in alcohol. A leg from each of four specimens preserved in
90% ethanol was collected for DNA extraction, then the
specimens were dried for morphological studies before being
pinned and placed in collection.

The type specimens of both species were not studied
directly, but detailed photographs and information were
requested from the curators of the institutions where they
are preserved. Photographs of the specimens and their
original labels, as well as labels added for this study, are
included in this paper.

A 658 base-pair fragment of the COI gene (mitochondrial
DNA cytochrome oxidase, DNA barcode) was amplified and
sequenced from four specimens (Two males, EMPB1 and
EMPB15, and two females, EMPB4 and EMPB12) and de-
posited into the GenBank database under accession numbers
PP501165, PP501166, PP501168 and PP501167, respectively.

DNA was extracted using a Qiagen DNeasy blood and
tissue DNA extraction kit. The sample was retrieved after
four hours digestion by proteinase K at 56°C and the extrac-
tion was carried out as advised by the manufacturer with final
resuspension in 120 pl of elution buffer. DNA amplification
was carried out in a 25 pl volume reaction with Tag&LOAD
Mastermix 5XC reagent (MP Bio- medicals). The thermocy-
cler program consisted of an initial denaturing step at 94°C
for 3 min, five amplification cycles with a 45°C annealing
temperature (94°C for 30 s, 45°C for 1 min and 30 s, 72°C
for 1 min), 45 cycles with a 54°C annealing temperature,
and a final step at 72°C for 5 min. PCR amplification and
sequencing were carried out with universal primers used for
the barcoding (Folmer ez al. 1994).

Specimens studied in this paper are deposited in the
collection of Diptera of the Muséum national d’Histoire
naturelle, Paris (MNHN) and the Centro Nazionale per
lo Studio e la Conservazione della Biodiversita Forestale
“Bosco Fontana”, Verone (CNBFVR). An inventory num-
ber starting with the initials ED (meaning Entomology
and Diptera, respectively) was attached to each barcoded
specimen deposited in MNHN and data captured in the
related collection database (https://science.mnhn.fr/institu-
tion/mnhn/collection/ed/item/search). In addition to this
collection number, a voucher number starting by EMP and
a GenBank COI gene accession number are attached to the
barcoded specimens.

A distribution map of the studied specimens was created
using SimpleMappr (Shorthouse 2010).

ABBREVIATIONS

Morphology

aca acanthophorites;

cer cercus;

epn epandrium;

ej ap ejaculatory apodeme;

go ap gonocoxal apodeme;
hyp hypandrium;

pg postgonite;

ph phallus;

S sternite;

T tergite.
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Institutions

CNBFVR Centro Nazionale per lo Studio e la Conservazione
della Biodiversita Forestale “Bosco Fontana”, Verone;

MNHN Muséum national d’Histoire naturelle, Paris;

MIN Museum fiir Naturkunde, Berlin;

NHMD ‘The Natural History Museum Denmark, University
of Copenhagen.

SYSTEMATIC ACCOUNT

Family BRACHYSTOMATIDAE Melander, 1908
Subfamily BRACHYSTOMATINAE Melander, 1908

Genus Brachystoma Meigen, 1822

Brachystoma Meigen, 1822: 12.

TYPE SPECIES. — Syrphus vesiculosus Fabricius, 1794, designation
Blanchard 1840: 582.

ETYMOLOGY. — Brachystoma is a combination of ‘Bpayds = brachy’,
Greek meaning short and ‘otépe = stoma’, Greek meaning mouth.
The gender is neutral.

Brachystoma vesiculosum (Fabricius, 1794)
(Figs 15 2; 3A, B; 4; 5)

Syrphus vesiculosus Fabricius, 1794: 299.
Brachystoma flavicolle Mik, 1887: 103.

Brachystoma obsculipes Saigusa, 1963: 167 (spelling error for B. 0b-
scuripes).

MATERIAL EXAMINED. — France ¢ 15; Vidauban, Bois de Bouis (83);
43°23’53”N, 6°28’3”F; 28.111-7.V.2014; Pierre-Alexis Rault; malaise
trap 1; MNHN ¢ 1J; Vidauban, Bois de Bouis (83); 43°22’56”N,
6°29’347E; 28.111.-28.V.2014; Pierre-Alexis Rault; malaise trap 2;
voucher code: EMPB1; GenBank COI gene: PP501165; MNHN-
ED-ED11761 © 1Q; same data as for preceding; voucher code:
EMPB4; GenBank COI gene: PP501166; MNHN-ED-ED11762
* 39, 2Q; same data as for preceding;i MNHN.

TYPE MATERIAL AND LOCALITY. — Fabricius described Syrphus ve-
siculosus twice, on specimens that are all present in the NHMD. The
original description was published in 1794, based on a not-specified
number of specimens all collected in Italy. Today these specimens are
represented in the Fabricius collection by a single wing and a small
piece of thorax attached to a pin (Fig. 2). The second description
was presented in 1805 and based on two well-preserved specimens
that are true syrphids and for which Thompson proposed the name
Copestylum neotropicum (Thompson 1976).

'The single wing that remains from the specimens used for the original
description has the typical venation of the genus Brachystoma and is
therefore considered to belong to B. vesiculosum. Consequently this
specimen is herewith designated as lectotype of Syrphus vesiculosus
Fabricius (valid name Brachystoma vesiculosum) and labelled accord-
ingly to fix and stabilize the current concept of the name (Fig. 2).

DIAGNOSIS. — Species blackish to brownish in ground color. Frons,
face and thorax blackish with sparse grey pruinosity more or less vis-
ible depending on the orientation of the specimen. Coxae brownish
to yellowish, femora yellow to brownish dorsally, tibiae and tarsi

ZOOSYSTEMA + 2025 - 47 (20)
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Fic. 1. — Brachystoma vesiculosum (Fabricius, 1794): male habitus. Scale
bar: 1 mm.

entirely blackish. Eyes dichoptic, antennae with a long stylus. Fe-
male postabdomen considerably modified, with tergite 7 enlarged,
globose, developed laterally, enclosing segments 8 to 10 and cercus.

DISTRIBUTION (Fig. 8). — Austria, Croatia, France (mainland),
Germany, Italy (mainland), Macedonia, Poland, Romania, Slova-
kia, Switzerland.

DESCRIPTION

Male (Figs 1; 3A; 4)

Head. Occiput black with a row of rather strong black pos-
tocular setae. Ocellar triangle black with orange-brown ocelli
and a pair of fine setae. Antennae blackish; scape and pedicel
of same length with a few fine, short setae, postpedicel a little
longer than pedicel, stylus four times the postpedicel length.
Frons and face blackish, the former a little broader than the
latter. Labrum blackish, three times shorter than head height;
labium short, very thick, spatula-like; palpus yellowish, short,
rather thick, directed downwards, with yellowish fine, short
hairs. Eyes dichoptic, all ommatidia of equal size.

Thorax. Black with sparse grey pruinosity on mesopleuron.
Antepronotum with a pair of short, fine black setae. Postpro-
notum blackish to brownish anteriorly, without seta. One
strong, long notopleural and postalar, scutellum with one
pair of strong, long subapical setae, additional pair of fine,
short apicals and moderatly long basal not always present or
visible. All other setae inconspicuous, whitish, including one
row of dorsocentrals. Acrostichals absent.
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Fic. 2. — Lectotype of Syrphus vesiculosus Fabricius, 1794, NHMD. Scale bar: 0.5 mm.

FiG. 3. — Brachystoma vesiculosum (Fabricius, 1794): A, male habitus, MNHN; B, female habitus, MNHN. Scale bar: 1 mm.
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FiG. 4. — Brachystoma vesiculosum (Fabricius, 1794): male hypopygium, lateral view. Abbreviations: see Material and methods. Scale bar: 0.2 mm.

Legs. Fore coxa mainly brownish to yellowish ventrally,
mid coxa mainly yellowish to brownish dorsally, hind coxa
yellowish, all coxae covered with whitish vestiture, visible
depending on the orientation, with 2-4 strong, long black
setae. All trochanters brownish to yellowish. All femora yel-
low to more or less brownish dorsally; fore femur ventrally
covered with minute spines, with two distinct anterolateral
and anteroventral setae in apical half, 4-5 distinct poster-
oventral setae; mid femur ventrally covered with minute
spines except basally, with anterolateral, antero- and poster-
oventral rows of 6-7 strong, long setae; hind femur ventrally
covered with minute spines, with two distinct anterolateral
setae apically, antero- and posteroventral rows of less than
10 strong, more or less long setae. All tibiae dark brown
to black, with a regular ventral row of minute spines, one
distinct dorsal seta at base; hind tibia somewhat thickened
apically, ventrally covered with minute ventral whitish ves-
titure apically, distinct apical comb. All tarsi black without
distinct setae.

ZOOSYSTEMA + 2025 - 47 (20)

Wings. Size 6-6.5 mm. Brownish with dark brown stigma, all
veins well sclerotized, C and Sc complete, radial fork R4 +5
widely open, bell-like, A1 abbreviated, anal lobe not devel-
oped. Halter yellow.

Abdomen. Brownish in ground color with only fine, short
whitish hairs, tergites 3-5 somewhat yellowish along anterior
margin, tergite 8 reduced to simple, thin dorsal ring, sternite 8
well developed, lengthened posterodorsally.

Hypopygium. Cercus wide basally, thin in apical half with
a slight pre-apical bulge; fine, short dorsal hairs. Lateral
epandrial lamellae developed dorsally and epandrium nearly
unpaired, posterior part lengthened and rounded apically
with numerous strong, long black ventral setae, fine, shorter
whitish dorsal setae. Hypandrium well developed ventrally
with a few fine posterior setae. Postgonite present, pointed
apically. Phallus long, thin, bent anteriorly forming a char-
acteristic loop.
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aca cer

Fic. 5. — Brachystoma vesiculosum (Fabricius, 1794) female postabdomen: A, segment 7, lateral view; B, segment 7, ventral view; C, segments 8, 10, cercus
(segment 7 removed), lateral view; D, tergites, 8, 10, cercus (segment 7 removed), dorsal view. Abbreviations: see Material and methods. Scale bars: A, B, 0.1 mm;

C, 0.6 mm; D, 0.3 mm.

Female (Figs 3B; 5)

Similar to male except for the following characters: post-
abdomen modified with tergite 7 enlarged, globose, devel-
oped laterally, enclosing segments 8 and 10 and cerci, but
remaining open ventrally; sternite 7 lengthened posteriorly;
tergite 8 well developed, well sclerotized anteriorly, with
many dorsal minute spines; sternite 8 lengthened poste-
riorly, with distinct setae on the dorsal margin and a few
shorter setae apically; tergite 10 with about 10 characteristic
acanthophorites posterodorsally on each side; sternite 10
rather membranous with a few fine setae; cercus not hori-
zontal but somewhat upright and bent anteriorly, well
sclerotized apically.

DNA BARCODE

A 658 base-pair fragment of the COI gene was amplified and
sequenced from two specimens (EMPB1, male, and EMPB4,
female) Both sequences match 100% but the divergence rate
with B. obscuripes is about 3%.

418

Brachystoma obscuripes Loew, 1856
(Figs 6A, B; 7A, B)

Brachystoma obscuripes Loew, 1856: 37.

MATERIAL EXAMINED. — France ¢ 1J; Corsica, Ostriconi (2B);
42°39°25”N, 9°3’44”E; 17 m; 7.V.2015; C. Daugeron & E. Del-
fosse leg.; voucher code: EMPB15; GenBank COI gene: PP501168;
MNHN-ED-ED11763 ¢ 1 Q; same data as for preceding; voucher
code: EMPB12; GenBank COI gene: PP501167; MNHN-ED-
ED11764 13, 69; same data as for precedingi MNHN ¢ 2 &,
4 Q; Corsica; crossing of roads D84/D618; 42°20°45”N, 9°2°0”E;
720 m; 7.V.2015; C. Daugeron & E. Delfosse leg.; MNHN ¢ 38 &,
43 @; Corsica, Zonza, Samulaghia, dry sapiniere forest, 41°45.703'N,
09°13.649°E, 1208 m, 24-28.V1.2019 (yellow pan trap), leg. Marc
Pollet; MNHN.

Italy * 1 J; Sardegna, Carbonia-Iglesias, Domusnovas, sa Duch-
essa; UTM-WGS84 32 S 464990 4358384; 371 m; 4-18.111.2006;
G. Chessa leg.; malaise trap S2; CNBF (CNBEFVR) ¢ 1 @ (without
head); Sardegna Carbonia-Iglesias, Iglesias, near colonia Beneck;
UTM-WGS84 32 S 462391 4355441; 636 m; 18.1V-2.V.2006;
G. Chessa leg; malaise trap S1; CNBF (CNBFVR).

ZOOSYSTEMA - 2025 - 47 (20)
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Fic. 6. — Brachystoma obscuripes Loew, 1856: A, lectotype male, Mfn; B, paralectotype female, Mfn. Scale bars: 5 mm.
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FiG. 7. — Brachystoma obscuripes Loew, 1856: A, male habitus, MNHN; B, female habitus, MNHN. Scale bar: 2 mm.

TYPE MATERIAL AND LOCALITY. — Two specimens were found in the
Loew collection in MfN. Loew (1856: 10) clearly specifies that his
new species of Brachystoma was collected in Corsica by Mr Mann:
“Sonst fiel mir unter Herrn Mann’s Corsikanischen Diptern eine neue
Art der Gattung Brachystoma auf...”; in addition the label “Corsica
/ Mann” was attached to the two specimens (Fig. 6). Therefore the
type locality is more likely Corsica and not Sardinia as indicated in
the original description (1856: 37).

The original description is based on male and female specimens
but the number of specimens is not specified; the two specimens
found in Loew collection correspond to the original description
and here considered conspecific. Consequently the male is herewith
designated as lectotype of Brachystoma obscuripes Loew and labelled
accordingly to fix and stabilize the current concept of the name
(Fig. 6). The second specimen, a female, becomes a paralectotype
of the species.

DisTRIBUTION (Fig. 8). — France (Corsica); Italy (Sardinia).

DESCRIPTION

Similar to B. vesiculosum except for the following characters:
smaller species (length of wing = 5-5.5 mm). Postocular
setae somewhat stronger. Fore and mid coxae black-brown
to yellowish posteroventrally, hind coxa brownish but more
widely yellowish ventrally and posteriorly. All femora black
with similar pattern of distinctly stronger setac. Male hy-
popygium distinctly smaller, cercus without pre-apical bulge,
posterodorsal part of epandrium shorter, ventral epandrial
setae not so strong, phallus not upright but more horizontal
to the epandrium.

420

DNA BARCODE

A 658 base-pair fragment of the COI gene was amplified and
sequenced from two specimens (EMPB15, male and EMPB12,
female). Both sequences match 100% but the divergence rate
with B. vesiculosum is about 3%.

DISCUSSION

Ovur study shows that there are two distinct species of Brachy-
stoma in Western Europe, B. vesiculosum and B. obscuripes.
The species are closely related, and although their morpho-
logical differences are few in number, they are well-defined
and constant in the various studied populations. Moreover,
a divergence rate of 3% between DNA barcode sequences
separates the two species.

Brachystoma vesiculosum and B. obscuripes are easily recogniz-
able, and although the male genitalia are similar, leg colora-
tion provide diagnostic differences: the coxae and femora are
extensively yellow in B. vesiculosum whereas all legs (except
the trochanters) are black in B. obscuripes. In addition to the
leg coloration, B. vesiculosum is somewhat larger in size and
a few differences can be observed in the male genitalia of
both species.

These two species are known primarily from the northern
side of the Mediterranean Basin. Brachystoma obscuripes appears
to be endemic to Corsica and Sardinia, while B. vesiculosum

ZOOSYSTEMA - 2025 - 47 (20)
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Fic. 8. — Map of the Mediterranean basin (in part) showing the distribution of the studied specimens: Brachystoma vesiculosum (Fabricius, 1794) (black circle)

and Brachystoma obscuripes Loew, 1856 (black square).

is found on the mainland but seems to be absent from these
islands. It is possible that these two species resulted from an
ancient vicariance event when Corsica and Sardinia separated
from the mainland during the Oligocene around 30 million
years ago (Rosenbaum ez a/. 2002). However, since this epoch
the level of the Mediterranean Sea has fluctuated and con-
nections with the continent were established, in particular
during the Messinian salinity crisis of the Miocene epoch,
from five to six million years ago, when almost the entire sea
had disappeared. It is therefore possible that the formation
of the two species dates back to the time of the last isolation
of these islands from the mainland when the Strait of Gil-
braltar reopened 5 million years ago, raising the level of the
Mediterranean Sea.

The ovipositor of female Brachystoma is remarkable in
being a large spherical structure, a kind of capsule or vesi-
cle much wider than the abdomen. The capsule (tergite 7),
open ventrally, contains the segments 8 and 10 as well as the
cerci. The walls of this capsule are yellowish and transparent
in many specimens so that the true ovipositor can be seen
(Fig. 9B). However, in some specimens the capsule is black
or partly darkened (Fig. 9A). Upon dissection this capsule
seems to be filled with mucus and soil particles (Fig. 10).
We postulate that the female collects soil particles that are
mixed with eggs and mucus in this capsule. Hence the eggs
are protected after deposition. This phenomenon is well
known in some bee or bomber flies (family Bombyliidac)
that collect sand and throw the eggs mixed with the sand
into the nests of bees.

This remarkable behavior can be seen in Roy Kleuker’s online
video clip (https://ghostarchive.org/varchive/whRkZ1BS1dE).

ZOOSYSTEMA + 2025 - 47 (20)

FiG. 9. — Brachystoma obscuripes Loew, 1856: A, female postabdomen with
a vesicle dark brown, filled with various particles and mucus, and the oviposi-
tor not visible; B, female postabdomen with a vesicle not filled with particles,
transparent, yellowish and showing the ovipositor. Scale bar: 1 mm.

Female bombyliid flies with this remarkable oviposition strat-
egy typically have a ventral storage structure known as a sand
chamber on the posterior end of the abdomen, which is filled
with sand grains gathered before egg laying (Yeates & Great-
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Fic. 10. — Brachystoma obscuripes Loew, 1856: female postabdomen with the vesicle partly dissected and emptied of its contents.

head 1997; Boesi ez al. 2009). These sand grains are used to
coat each egg just before their aerial release, and are assumed
to improve the egg survival by increasing their weight, slow-
ing down egg dehydration, and by masking biochemical cues
that could trigger behaviours in the host, such as cleaning or
abandoning the nest — or various combinations of all four.
If females of Brachystoma indeed have the same oviposition
strategy as some females of bomber flies, as we postulate here,
then we would be dealing with a remarkable example of con-
vergence in two distantly related taxa of Diptera.

Acknowledgements

We thank Louis Aureglia for drawing the male habitus of
B. vesiculosum, Cyrille D’Haese and Eric Guilbert for their
help with the molecular work, Marie-Cécile Ruiz and the
Office de 'Environnement de la Corse (OEC); specimens
of B. obscuripes from Sardinia were collected at the occa-
sion of a monitoring of Sardinian biodiversity by colleagues
at CNBFVR. Part of the specimens of B. obscuripes from
Corsica was collected during the expedition “Our Planet

422

Reviewed in Corsica 2019-2021”. This survey was organized
by the Muséum national d’'Histoire naturelle (MNHN) in
collaboration with and funded by the Collectivité de Corse
(CdC) and the Office francais de la Biodiversité (OFB).
We thank M. Pollet for collecting and sorting material as
part of this project. We are very grateful to Thomas Pape
(NHMD) and Jenny Pohl (MN) for finding the type ma-
terial of B. vesiculosum and B. obscuripes respectively, and
also for providing photos and various useful information
about these specimens. Reviewers’ comments helped to
significantly improve the paper. We also thank Emmanuel
Delfosse and Christophe Hervé (MNHN) for helping to
take some of the pictures.

REFERENCES

BLANCHARD E. 1840. — Histoire naturelle des animaux articulés,
Annelides, Crustacés, Arachnides, Mriﬂpade; et Insectes. Tome 3:
Histoire naturelle des insectes. Orthoptéres, Névroptéres, Hémiptéres,
Hyménaoptéres, Lépidoptéres et Diptéres. Duménil, Paris. hteps://
doi.org/10.5962/bhl.title.59226

ZOOSYSTEMA - 2025 - 47 (20)



Bokst R., PoLIDORI C. & ANDRIETTI F. 2009. — Searching
for the right target: oviposition and feeding behavior in
Bombylius bee flies (Diptera: Bombyliidae). Zoological stud-
ies 48 (2): 141-150.

CHVALA M. & WAGNER R.1989. — Empididae, in S00s A. &
Parp L. (eds): Catalogue of Palacarctic Diptera 6. Amsterdam,
Elsevier: 228-336.

CoLLN J. E. 1928. — New Zealand Empididae based on mate-
rial in the British Museum (Natural History). British Museum
(Natural History), London, 110 p.

CUMMING J. M. & WooD D. M. 2017. — Adult morphology and
terminology, in KIRK SPRIGGS A. H. & SINCLAIR B. ]. (eds).
Manual of Afrotropical Diptera, Volume 1, Suricata 4, SANBI
Publications, Pretoria: 89-133.

DAUGERON C. 1997. — Découverte du sous-genre Xanthempis
Bezzi en Afrique du Nord et description de trois espéces nou-
velles (Diptera: Empididae). Annales de la Société entomologique
de France 33: 155-164.

FABRICIUS O. 1794. — Entomologia systematica emendata et aucta.
Secundum classes, ordines, genera, species adjectis synonymis, locis,
observationibus, descriptionibus. Impensis C. Gottlob Proft,
Hafniae (= Copenhagen).

FoLMER O., BLACK M., HOEH W., LuTz R. & VRIJENHOEK R.
1994. — DNA primers for amplification of mitochondrial
cytochrome ¢ oxidase subunit I from diverse metazoan inverte-
brates. Molecular Marine Biology and Biotechnology 3: 294-299.

FREY R. 1956. — Familie 28. Empididae, 7z LINDNER E. (ed.):
Die Fliegen der Palaearktischen Region 4. E. Schweitzerbart,
Stuttgart, 639 p.

Loew H. 1856. — Neue Beitriige zur Kenntniss der Dipteren. Vierter
Beitrag. Programm Koniglichen Realschule zu Meseritz, Mittler,
Berlin, 100 p. hteps://doi.org/10.5962/bhl.title.98314

MCcALPINE J. F. 1981. — Morphology and terminology — Adults,
Chapter 2, 77 MCALPINE ] F., PETERSON B. V., SHEWELL G. E.,
Teskey H. J., VOCKEROTH J. R. & Woob D. M. (Coords.):
Manual of Nearctic Diptera, Volume 1. ResearchBranch, Agri-
culture Canada, Monograph 27, Ottawa: 9-63.

MEIGEN J. W. 1822. — Systematische Beschreibung der bekannten
europdgische und zweifliigeligen Insekten. Dritter Theil. Schulz-
Wundermann, Hamm.

MELANDER A. L. 1908. — Family Empididae, 7z WILLISTON S. W.
(ed.): Manual of North American Diptera. 3rd Edition: 218-227.

PLANT A. R. 2010. — Brachystoma Meigen (Diptera: Empidoidea:
Brachystomatidae) new to the Oriental (Indo Malayan) Realm:
a new species from Thailand. Tropical Natural History 10: 61-60.

RoNDaNI C. 1856. — Dipterologiae Italicae Prodromus. Vol. 1:

Genera italica ordinis Dipterorum ordinatim dz'sposita et distincta

ZOOSYSTEMA + 2025 - 47 (20)

The genus Brachystoma in Europe 4

et in familias et stirpes aggregata. Stocchi, Parma, 150 p. heeps://
doi.org/10.5962/bhl.title.8160

ROSENBAUM G., LISTER G. S. & DuBOz C. 2002. — Reconstruction
of the tectonic evolution of the western Mediterranean since the
Oligocene. Journal of the Virtual Explorer 8: 107-130.

Sa1Gusa T. 1963. — A revision of the japanese species of the genus
Brachystoma (Diptera, Empididae). Sieboldia 3: 167-174.

SAIGUSA T. 1986. — New genera of Empididae (Diptera) from
eastern Asia. Sieboldia 5: 97-118.

SHORTHOUSE D. P. 2010. — SimpleMappr, an online tool to
produce publication-quality point maps. Available from http://
www.simplemappr.net [accessed 11 Jun. 2024]

SINCLAIR B. J. 2017. — 53. Brachystomatidae (Brachystomatid
dance flies), in KIRK-SPRIGGS A. H. & SINCLAIR B. J. (eds),
Manual of Afrotropical Diprera. Vol. 2. Nematocerous Diptera and
lower Brachycera. Suricata 5. South African National Biodiversity
Institute, Pretoria: 1251-1256.

SINCLAIR B. J. 2021. — A new winter dance fly genus from Cali-
fornia (Diptera: Empidoidea: Brachystomatidae). Proceedings of
the Entomological Society of Washington 123: 622-637. https://
doi.org/10.4289/0013-8797.123.3.621

SINCLAIR B. J. 2022. — A New Aquatic Associated Genus of Tricho-
pezinae from the Southern Hemisphere (Diptera: Empidoidea:
Brachystomatidae). Records of the Australian Museum 74: 75-98.
hteps://doi.org/10.3853/j.2201-4349.74.2022.1797

SINCLAIR B. J. & CUMMING J. M. 1994. — Phylogenetic relation-
ships within the Empidoidea (Diptera), iz O'HARA J. E. (ed.),
Abstract Volume. Third International Congress of Dipterology.
Guelph, Canada: 200-201.

SINCLAIR B. J. & CUMMING J. M. 2006. — The morphology and
higher-level phylogeny and classification of the Empidoidea
(Diptera). Zootaxa 1180: 1-172. https://doi.org/10.11646/
zootaxa.1180.1.1

STUCKENBERG B. R. 1999. — Antennal evolution in the Brachycera
(Diptera), with a reassessment of terminology relating to the
flagellum. Studia Dipterologica 6: 33-48.

THomPsON F. C., VOCKEROTH J. R. & SEDMAN Y. S. 1976. —
A catalogue of the Diptera of the Americas south of the United
States. 46 Family Syrphidae. Museu de Zoologia, Universidade
de Sido Paulo 46: 1-195.

YANG D., ZHANG K., YAO G. & ZHANG J. 2007. — World Catalogue
of Empididae (Insecta: Diptera). China Agricultural University
Press, Beijing, 599 p.

YEATES D. K. & GREATHEAD D. 1997. — The evolutionary pat-
tern of host use in the Bombyliidae (Diptera): a diverse family
of parasitoid flie. Biological Journal of the Linnean Society 60 (2):
149-185. https://doi.org/10.1006/bijl.1996.0097

Submitted on 9 December 2024;
accepted on 20 February 2025;
published on 10 September 2025.

423



