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Abstract. Chursina MA, Ruchin AB. 2018. A checklist of Bombyliidae (Diptera) from Mordovia, Russia and variation of wing shape in
Bombylius species. Biodiversitas 19: 2147-2156. A checklist of Bombyliidae (Diptera) of Republic of Mordovia (Russia) is provided,
based on material collected from 2008 to 2017. One hundred ninety specimens from 75 localities were collected. Fourteen of the twenty
species are listed as belonging to the fauna for the first time. Intraspecific variation and sexual dimorphism in the wing shape of three
species of the genus Bombylius Linnaeus, 1758 were investigated using geometric morphometric techniques. The analysis revealed that
wing shape is a good discriminator of the species. In addition, significant sexual dimorphism were found: females of two of the three
species had larger wings than males. The sex shape differences consisted mainly of changes in the placement of the Cu4 and A4, while
interspecific wing shape variation distributed in more dimensions. There was no evidence for allometric relationships relating to sexual
dimorphism and interspecific variation. Potential adaptive significance of interspecific and intersex variation in wing size and shape is

discussed.
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INTRODUCTION

Biodiversity is an underestimated resource of the
country and provides a vast range of environmental
function. A review of biodiversity should be a major focus
of basic biological researches (Vermeulen and Koziell
2002).

The Republic of Mordovia is located in the middle of
Russian Plain. It characterized by forest and forest-steppe
landscapes (Yamashkin 1998). Therefore, it is expected
that region’s biodiversity should be high enough. In the last
decade as a result of invertebrate fauna inventory, 4000
species were found in the Republic Mordovia for the first
time (Ruchin and Kurmaeva 2010; Mikhailov and Trushina
2013; Ruchin and Pilipenko 2015; Ruchin and Artaev
2016; Semenov 2016; Egorov and Shapovalov 2017;
Ruchin and Makarkin 2017; Chursina and Ruchin 2018;
Ruchin and Egorov 2018; Ruchin and Grishutkin 2018;
Ruchin and Mikhailenko 2018; Tomaszewska et al. 2018).
In doing so, some of these findings are rare species. These
findings are of great interest for the researchers.

Data of the fauna of the family Bombyliidae is still
limited despite wide distribution of species of the family
and their important role in ecosystems. Species of
Bombyliidae are worldwide in distribution; the family
contains approximately 4600 described species (Evenhuis
and Greathead 2003, 2015; Lamas and Evenhuis 2016).
The larvae of bee flies are predators or ectoparasitoids of
eggs and larvae (Boesi et al. 2008; Evenhuis 2017; Felicioli
et al. 2017). Most of the immatures are parasitoids of
solitary bees and wasps; several species (for example, Villa

species) are endoparasitoids of moth larvae and pupae;
species of the genus Hemipenthes Loew, 1869 are
hyperparasitoids of other parasitoids that attack caterpillar
and sawfly hosts. Some species are important natural
enemies of major pests including locusts and grasshoppers,
armyworms, slug and nettle caterpillars, and tsetse flies.
For example, widespread species Hemipenthes morio
(Linnaeus, 1758) attacks Tachinidae and Ichneumonidae
(Yeates and Greathead 1997; Evenhuis and Greathead
2003).

Adults generally feed on nectar and pollen thus may
play an important role in pollination of wild-flowers (Du
Hull 1973; Negrobov et al. 2018). The fauna of bombyliid
flies of several regions of Russia is insufficiently studied.
The fauna of Yakutia contains 20 species from the three
subfamilies (Nartshuk and Bagachanova 2012). The fauna
in the Kirov region and Komi Republic includes 23 species
(Pestov and Yuferev 2015) whereas the fauna of Samara
region includes 41 species. A detailed research on bee flies
from Caucasus has been carried out by Zaitzev (1966). In
this regards, we believe that the bombyliid fauna of
Republic of Mordovia merits further consideration.

Geometric morphometrics is a promising approach,
aimed at a comparison of the shape. Wing shape has a
particular importance for aerodynamic characteristics and
can be particularly subject of evolutionary changes
(Bonduriansky 2006; Francuski et al. 2009; Vuji¢ et al.
2013; Nedeljkovi¢ et al. 2015; Torres and Miranda-
Esquivel 2015). Variation in wing shape and size are
currently used both for discriminant between
morphologically cryptic taxa and describing evolutionarily
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transformation within a character system. A considerable
number of studies have confirmed the importance of
studies of shape variation for systematics and evolutionary
biology (for example, Pepinelli et al. 2013). However, such
study in the family Bombyliidae has not been conducted
before.

Therefore, the first aim of this study is to contribute to
the knowledge of bee fly fauna of the Republic of
Mordovia. We have given brief notes on the distribution of
each species. The second aim is to investigate the pattern of
wing shape variation for the large and widespread genus
Bombylius Linnaeus, 1758. For this purpose, we selected
exemplars from three species: Bombylius discolor Mikan,
1796, Bombylius major Linnaeus, 1758, Bombilius minor
Linnaeus, 1758.

MATERIALS AND METHODS

Study area

The Republic of Mordovia, Russia is located in the
center of the East European Plain between 42°11' and
46°45' geographic longitude and 53°38 ' and 55°11'
latitude, in the southwestern periphery of the Volga basin,
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between the Moksha and Sura rivers. The territory of
republic situated in forest and forest-steppe quarters of
Central Russia. The eastern part of Republic of Mordovia is
located in the northwest of the Volga Upland and the
western part in the Oka-Don lowland (Ruchin and Egorov
2017). Boreal coniferous and mixed forests are common in
the west, north-west, and north of Mordovia Nature
Reserve. Broad-leaved forests cover the central and eastern
parts. In the east and south-east parts of the republic forest-
steppe landscapes dominate (Yamashkin 1998).

Materials for this study were collected from various
habitats in different localities of Mordovia State Nature
Reserve in 2008, 2009 and 2011-2017 using individual
hand net. More than 190 specimens from 73 localities were
studied (Figure 1). The coordinates of sites are given in
Table 1.

The specimens were killed by ethyl acetate and later
were installed on entomological pins. The identification of
collected specimens was made using Levenhuk 3ST
binocular microscope. For species identification, the
taxonomic keys by Zaitsev (1969, 2004), Kits et al. (2008)
were used. The material was deposited in the Collection of
the Mordovia State Nature Reserve, Saransk.
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Figure 1. Location of the collecting sites in the Republic of Mordovia, Russia where the studied material was sampled: 1. Tengushevo
District, 2. Zubovo Polyana District, 3. Temnikov District, 4. Elniki District, 5. Krasnoslobodsk District, 6. Staroe Shaygovo District, 7.
Ichalki District, 8. Lyambir District, 9. Ruzaevka District, 10. Ardatov District, 11. Atyashevo District, 12. Dubensky, 13. Bolshie
Berezniki, 14. Kochkurovo District, 15. City district Saransk (see also Table 1).
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Table 1. Collecting sites and their coordinates in the Republic of
Mordovia, Russia
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District Collecting sites Latitude Longitude
Ardatov village Piksyasi 54°39'32.3"N 46°18'55.1"E
village Bolshoe Kuzmino 54°57'00.3"N 46°0525.6"E
village Probuzhdenie =~ 54°51'07.1"N 46°07'29.7"E
village Mordovskaya  54°27'45.6"N 43°18'37.5"E
Kozlovka
Bolshie village Permisi 54°5'45.3"N  45°49'40.5"E
Berezniki  Simkino forestry 54°15'29.9"N 46°11'01.0"E
village Degilevka 54°9"26.1"N  45°40'47.7"E
Dubensky village Krasnye Luga  54°25'39.0"N 46°23'20.0"E
village Javleyka 54°18'41.4"N 46°26'01.6"E
Elniki village Novye Shaly 54°42'14.8"N 43°37'52.9"E
village Malye 54°412.5"N 43°43'9.5"E
Mordovskie Poshaty
Ichalki Barakhmanovo forestry, 54°45'51.2"N 45°24'03.0"E
quarter 88
Barakhmanovo forestry, 54°45'43.9"N 45°28'50.5"E
quarter 93
National Park 54°52'39.9"N 45°29'10.9"E
“Smolny”,
Aleksandrovskoe
forestry

National Park 54°49'48.0"N 45°22'45.1"E
“Smolny”, Lvovskoe
forestry, quarter 53

Kochkurovo village Muran 54°02'34.5"N 45°33'51.2"E

Krasnos-  village Novaya Avgura 54°19'43.7"N 44°11'43.3"E
lobodsk village Selischi 54°27'39.3"N 43°31'45.8"E
village Sivin 54°21'18.2"N 44°16'14.4"E
village Sinyakovo 54°2520.6"N 43°4022.3"E
Lyambir village Atemar 54°11'3.1"N  45°23'51.0"E
Ruzaevka forest “Levzhenskij 54°06'08.0"N 45°06'04.5"E
sklon”
3 km N village 54°11'54.6"N 44°42'16.4"E
Streleckaya Sloboda

54°06'16.3"N 45°04'01.5"E
54°02'27.9"N 44°4326.9"E

village Levzhenskoe
village Russkoe
Baimakovo

City district city Saransk 54°10'41.7"N 45°11'4.0"E

Saransk village Gagarina 54°11'06.5"N 45°12'53.0"E
Staroe village Sarga 54°22'07.7"N 44°30'44.6"E
Shaygovo  village Staroe Akshino 54°1727.2"N 44°42'55.8"E
Temnikov, quarter 115 54°51'42.5"N 43°09'49.2"E
MSNR quarter 116 54°51'43.1"N 43°10'37.7"E
quarter 142 54°51'08.3"N 43°09'47.0"E
quarter 249 54°49'49.6"N 43°32'30.4"E
quarter 276 54°47'38.8"N 43°10'46.1"E
quarter 301 54°47'06.0"N 43°10'47.6"E
quarter 324 54°46'19.9"N 43°05'48.5"E
quarter 330 54°46'34.1"N 43°11'52.3"E
quarter 345 54°47'07.1"N 43°19'41.3"E
quarter 360 54°46'11.2"N 43°13'43.4"E
quarter 366 54°46"25.4"N 43°20'02.4"E
quarter 368 54°46'37.3"N 43°22'08.7"E
quarter 384 54°45'33.1"N 43°12'44.5"E
quarter 387 54°45'38.8"N 43°16'05.8"E
quarter 405 54°44'39.3"N 43°09'07.5"E
quarter 408 54°44'50.2"N 43°12'16.5"E
quarter 421 54°43'54.0"N 43°07'33.6"E
quarter 431 54°44'32.4"N 43°17'00.7"E
quarter 434 54°51'46.3"N 43°09'02.2"E
quarter 442 54°43'56.5"N 43°15'02.1"E
village Aksel 54°35'23.5"N 43°24'13.3"E

village Alkaevo
village Andreevka
village Veseliy
village Kitsaevka
village Lavrentevo
village Purdoshki
village Pushta

6 km NW village Pushta

village Tarkhany
village Tatarskoe
Karaevo

village Tretyakovo
14 km NNE village
Pavlovka

cordon Inorsky
cordon Plotomoyka
cordon Pavlovsky
cordon Podrubnyj

54°35'59.4"N 43°20'52.3"E
54°37'56.4"N 43°19'09.8"E
54°32'52.5"N 43°00'58.2"E
54°36'46.8"N 43°09'01.0"E
54°2927.0"N 43°2'54.9"E

54°39'56.4"N 43°3423.5"E
54°43'07.1"N 43°13'32.2"E
54°44'15.3"N 43°08'53.2"E
54°32'20.0"N 43°24'34.3"E
54°41'45.8"N 43°14'35.0"E

54°31'55.2"N 43°13'42.7"E
54°51'47.7"N 43°2826.5"E

54°43'36.3"N 43°0922.6"E
54°49'53.2"N 43°8'17.0"E

54°45'15.0"N 43°24"27.6"E
54°47'51.5"N 43°08'48.4"E

cordon Srednyaya 54°54'09.4"N 43°13'53.5"E
Melnitsa
cordon Steklyannyi
Tengushevo village Barashevo

village Klemeschei

54°53'38.1"N 43°35'59.4"E
54°31'43.5"N 42°53'43.5"E
54°35'10.7"N 42°51'39.0"E

Zubovo 5 km SW village 54°26"26.6"N 42°36'10.9"E
Polyana Bystrischi
8 km SW village Vysha 53°47'42.0"N 42°18'43.9"E
village Lesnoi 54°27'49.0"N 42°42'46.8"E
Atyashevo village Selischi 54°38'42.0"N 46°15'36.0"E

Figure 2. The wing of Bombylius minor (male) and positions of
the landmarks used for studying wing shape (Temnikov District,
MSNR, 10/V/2015)

Data collection

Wings of 106 specimens belonging to the genus were
Bombylius were examined: Bombylius discolor (11 males
and 12 females), Bombylius major (11 males and 38
females), Bombylius minor (14 males and 20 females).
Wings of each fly were removed from body, mounted on a
glass slide, and covered with a cover glass. The slides were
photographed by means of a Levenhuk C NG microscopic
camera (Levenhuk Inc., USA). Twenty homologous
landmarks were used in order to describe wing shape
(Figure 2). Configuration of landmarks was digitized using
the software tpsDig (Rohlf 2003).

Geometric and statistical analyses

Then geometric morphometric analysis was performed.
Firstly, a generalized Procrustes analysis was conducted in
several steps: landmarks configurations were scaled to a
unit of centroid size for eliminating the impact of variation
in wing size, superimposed so that the centroid of each had
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coordinates (0, 0) and rotated so that the distance between
landmarks of all specimens become minimal. A new set of
variables (Procrustes residuals) contained the shape
information and were used as shape data.

The centroid size of each wing was calculated to
characterize an overall measure of wing. Statistical
analyses of these sets of variables were performed using
MorpholJ software (Klingenberg 2011) and Statistica 10
for Windows (StatSoft 2012). In order to prove evidence
for the significant differences in wing centroid size and
shape among the species and sexes, a one-way analysis of
variance (ANOVA) was undertaken with Tukey post hoc
test. A Procrustes ANOVA was used to test the effects of
species, sex and side on wing shape.[]

Canonical variates analysis of Procrustes distances
(CVA) and discriminant analysis (DA) was performed for
the purpose to detect and describe the differences among
species and sexes. Quantitative estimation of the
differences was performed by calculating the Procrustes
distances between the mean shape of males and females.
The significance of differences was tested in a permutation
test with 10000 replicates.[]

In order to consider the overall similarity of the sexual
shape dimorphism of different species and shape changes
attributing to sexual and interspecific variations, we used
Mantel test of matrix correlation. The statistical
significance of the results of Mantel test was assessed by
the permutation test with 1000 replicates. In addition, for a
more detailed investigation of the similarity of the sexual
and interspecific patterns, we calculated the angle between
the first principal component vectors and tested the null
hypothesis stating that the PC vectors for different effects
were identical. The allometric effects of interspecific wing
variation and sexual dimorphism were estimated by
regression analysis of shape variables on centroid size. [

RESULTS AND DISCUSSION

A total of 20 species of Bombyliidae belonging 10
genera were recorded in the present work. Fourteen species
including Anastoechus caucasicus Paramonov, 1930, A.
nitidulus (Fabricius, 1794), Anthrax incomptus Walker,
1849, A. varius Fabricius, 1794, Bombylius ambustus
Pallas, 1818, B. discolor Mikan, 1796, B. medius Linnaeus,
1758, B. minor Linnaeus, 1758, Bombylosoma nigriceps
(Loew, 1862), B. unicolor (Loew, 1855), Exhyalanthrax
afer (Fabricius, 1794), Hemipenthes morio (Linnaeus,
1758), Ogcodocera leucoprocta (Wiedemann, 1828),
Thyridanthrax fenestratus (Fallen, 1814), Villa cingulum
(Wiedemann in Meigen, 1820) are listed as new records for
Mordovian bee fly fauna.

The world distribution is given for each species.
Abbreviations used in the text include MSNR-Mordovia
State Nature Reserve, PA-Palaearctic, OR-Oriental, NE-
Nearctic.

Check-list
Anastoechus caucasicus (Paramonov 1930).
Material. 19: 55 (6/VII/2013).
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Distribution. PA: Armenia, Azerbaijan, Georgia,
Moldova, Ukraine (Evenhuis and Greathead 2015); Russia:
North Caucasus (Paranomov 1940; Zaitzev 1966).

Anastoechus nitidulus (Fabricius 1794).

Material. 19: 4 (10/VII2014); 233, 599: 19
(0/VIII2017);  19: 30 (3/VII2014); 19: 31
(12/1X2017); 18, 19: 56 (15/VII/2015); 19: 63

(4/VIIL/2017); 18 70 (18/VI11/2015).

Distribution. PA: from Belgium through central Europe
into European part of Russia, from Europe eastwards to
Greece and further into Turkey and Iran; Kazakhstan,
Kyrgyz Republic, Japan (Hasbenli and Evenhuis 2000;
Evenhuis and Greathead 2015); Russia: from North
Caucasus to South Siberia (Paranomov 1940; Zaitzev 1966,
2004), Yakutia (Nartshuk and Bagachanova 2012).

Anthrax anthrax (Schrank 1781).

Material. 18, 19: 33 (13/VIII/2015); 19: 38
(20/V1/2015); 18 57 (11/VI1/2008) (Kurmaeva); 19: 58
(9/V1/2013); 1Q: 64 (3/VIIT/2014).

Distribution. PA: from Spain, Italy, France eastwards
through Central Europe into Ukraine, Russia, in Northern
Europe (Falck and Greve 1999; Hasbenli and Evenhuis
2000; Evenhuis and Greathead 2003); Russia: European
part of Russia to Leningrad region, North Caucasus,
Crimea (Zaitzev 1966); Republic of Mordovia
(Plavilshchikov 1964); Kirov region, Komi Republic
(Pestov and Yuferev 2015), Yakutia (Nartshuk and
Bagachanova 2012), Karelia (Polevoi 2006).

Anthrax incomptus Walker 1849.

Material. 18, 1Q: 63 (6/VIIL/2017, 24/VIII/2017)
(Semishin); 1J: 65 (7/VIII/2017) (Semishin); 1J: 66
(16/V11/2017).

Distribution. Australia; OR: Christmas I (Evenhuis and
Greathead, 2003, 2015); PA: from Spain, Italy eastwards
through Central Europe into European part of Russia
(Evenhuis and Greathead 2003).

Antrax varius Fabricius 1794.

Material. 19: 63 (4/VIII/2017) (Semishin); 19: 68
(12/V11/2014).

Distribution. Nearctic: USA (Evenhuis and Greathead
2015); PA: from Spain and Framce eastwards through
Central Europe into Northern Europe, Ukraine and Russia;
Turkey, Iran (Falck and Greve 1999; Hasbenli and
Evenhuis 2000; Evenhuis and Greathead 2003, 2015);
Russia: European part of Russia to Leningrad region,
Crimea, North Caucasus (Zaitzev 1966); Kirov region,
Komi Republic (Pestov and Yuferev 2015), Yakutia
(Nartshuk and Bagachanova 2012), Karelia (Humala and
Polevoi 2011).

Bombylius ambustus Pallas 1818.

Material. 28J3: 1 (10/VIIL/2017);
(10/VIL/2017).

Distribution. PA: from Spain and France eastwards
through Central Europe into Ukraine and Russia; Turkey
(Hasbenli and Evenhuis, 2000; Evenhuis and Greathead

388 75
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2003, 2015); Russia: from Ukrainian border further north
into Voronezh and Kirov regions, to Siberia with the
exception of the most northern parts, Primorsky territory
(Paranomov 1940; Zaitzev 1966).

Bombylius discolor Mikan 1796.

Material. 19: 21 (16/1V/2008) (Semishin); 13, 19Q: 22
(23/1V/2008); 19: 23 (19/V/2009); 533, 299: 26
(8/1V/2008, 16/1V/2008, 21-22/1V/2008) (Semishin); 13-
28 (30/1V/2017); 283, 299 29 (11/V/2008, 30/1V/2017);
1Q 65 (7/V/2013).

Distribution. OR: China; PA: from Great Britain and
France eastwards through Cetral Europe into Northern
Europe, Ukraine and Russia; Turkish (Hasbenli and
Evenhuis 2000; Evenhuis and Greathead 2003, 2015);
Russia: Central and European part of Russia, North
Caucasus (Paranomov 1940; Zaitzev 1966); Kirov region
(Pestov and Yuferev 2015).

Bombylius major Linnaeus 1758.

Material. 18, 19Q: 2 (26/V/2017); 484, 32%: 12
(9/1V/2008, 26/1V/2008, 01/V/2017; 11/V/2013); 13: 14
(10/TV/2008); 399: 15 (26/1V/2008); 29%: 25
(29/1V/2017); 2383, 299Q: 26 (4/1V/2008, 12/V/2009,
21/1V/2008) (Semishin); 13, 299: 29 (30/1V/2017); 13,
1Q: 40 (10/V/2015); 299, 283 47 (9/V/2013); 129: 48
(6/V/2015); 29 9: 52 (11/V/2013); 399: 54 (12/V/2013);
433, 999: 58 (10-11/V/2015, 27/1V/2014, 11/V/2015,
8/V/2013, 30/1V/2013, 3/V/2008, 11-12/IV/2008); 433,
19: 60 (16/1V/2017); 19: 71 (1/V/2008).

Distribution. OR: China, India, Pakistan, Thailand;
Nearctic: Canada, USA; PA: from Northern Ireland, France
and Spain eastwards through Central Europe and Northern
Europe into Russia to Japan (Falck and Greve 1999;
Evenhuis and Greathead 2003, 2015); Russia: from
Leningrad region southward to Caucasus, North Caucasus
(Paranomov 1940; Zaitzev 1966); Republic of Mordovia
(Feoktistov 2011); Kirov region, Komi Republic (Pestov
and Yuferev 2015), Yakutia (Nartshuk and Bagachanova
2012).

Bombylius medius Linnaeus 1758.

Material. 1J8: 22 (23/1V/2008); 13: 23 (19/V/2009);
13: 41 (10/V/2015); 499: 51 (30/V/2015); 18: 58
(11/V/2015); 12: 61 (17/V/2014).

Distribution. PA: from Spain and France eastwards
through Central Europe into Russia; Iran, Iraq, Israel,
Kuwait, Tajikistan (Falck and Greve 1999; Hasbenli and
Evenhuis 2000; Evenhuis and Greathead, 2003, 2015);
Russia: Central and European part of Russia, Siberia, North
Caucasus (Paranomov 1940; Zaitzev 1966); Kirov region
(Pestov and Yuferev 2015).

Bombylius minor Linnaeus 1758.

Material. 13: 1 (10/VIII/2017); 13: 6 (12/VIII/2017);
138, 283: 12 (25-27/V11/2017); 19: 19 (20/VIII/2017);
18, 19: 32 (11/VI1/2015); 13 59 (7/VII/2013).

Distribution. PA: from Spain, France and Great Britain
eastwards through Central Europe and Northern Europe
into Russia, Kazakhstan, Kyrgyz Republic, Mongolia
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(Falck and Greve 1999; Hasbenli and Evenhuis 2000;
Evenhuis and Greathead 2003, 2015); Russia: European
part of Russia with the exception of the Far North,
Leningrad region (Paranomov 1940; Zaitzev 1966); Kirov
region, Komi Republic (Pestov and Yuferev 2015).

Bombylosoma nigriceps (Loew 1862).

Material. 18: 15 (7/VI1/2017).

Distribution. PA: from Spain and France eastwards
through Austria, Bulgaria, Poland, Greece into European
part of Russia; Turkey, Iran, Georgia (Hasbenli and
Evenhuis 2000; Evenhuis and Greathead 2003, 2015);
Russia: South part of European Russia including Crimea,
Caucasus (Paranomov 1940; Zaitzev 1966); Republic of
Mordovia (Plavilshchikov 1964); Kirov region, Komi
Republic (Pestov and Yuferev 2015).

Bombylosoma unicolor (Loew 1855).

Material. 19: 4 (08/V1/2013).

Distribution. PA: from Spain and France eastwards
through Italy, Hungary, Bulgaria, Moldova into Russia;
Turkish, Greece, Armenia, Egypt, Tunisia (Hasbenli and
Evenhuis 2000; Evenhuis and Greathead 2003, 2015);
Russia: North Caucasus, Crimea (Paranomov 1940; Zaitzev
1966).

Exoprosopa capucina (Fabricius 1781).

Material. 1Q: 66 (12/V1/2013).

Distribution. PA: from Spain and France eastwards
through Central Europe and Northern Europe into Russia;
Turkey, Turkmenistan, Uzbekistan (Evenhuis and
Greathead 2003, 2015); Russia: European part of Russia
(Zaitzev 1966); Republic of Mordovia (Plavilshchikov
1964); Kirov region, Komi Republic (Pestov and Yuferev
2015).

Exhyalanthrax afer (Fabricius 1794).

Material. 18, 19: 13 (2/VII1/2017) (Semishin).

Distribution. Afrotropical: Chad, Kenya, Eritrea; PA:
from Spain and France eastwards through Central Europe
and Northern Europe into Russia; Turkey, Kazakhstan, PA
part of China, United Arab Emirates (Evenhuis and
Greathead 2003, 2015); Russia: European part of Russia to
Leningrad region, North Caucasus (Zaitzev 1966); Yakutia
(Nartshuk and Bagachanova 2012).

Hemipenthes maura (Linnaeus 1758).

Material. 14: 3 (2/VI1/2008); 13: 15 (21/V1/2008);
383 24 (9-13/VI/2009); 18, 299: 26 (24-28/V1/2011,
9/VII1/2008) (Semishin); 19: 30 (3/VIII/2014); 13: 41

(19/V12012);  233: 48 (17/VII2014); 13: 49
(16/VI2015);  1&: 66  (11/VIV2015); 19: 68
(12/VI11/2014).

Distribution. PA: from Spain and France eastwards
through Central Europe and Northern Europe into Russia;
Turkey, Tajikistan, PA part of China (Falck and Greve
1999; Hasbenli and Evenhuis 2000; Evenhuis and
Greathead 2003, 2015); Russia: from Ukrainian border to
North Caucasus, Ural and Siberia, Far East, Sakhalin Island
(Zaitzev 1966); Republic of Mordovia (Feoktistov 2011);
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Kirov region, Komi Republic (Pestov and Yuferev 2015),
Yakutia (Nartshuk and Bagachanova 2012).

Hemipenthes morio (Linnaeus 1758).

Material. 13, 19: 4 (8/V1/2013); 138+ 5 (12/V1/2015);
1Q: 7 (12/V1/2015); 138 24 (13/VI/2015); 18, 1Q: 26
(24/V1/2011); 13: 41 (19/V1/2012); 1Q: 45 (21/V1/2015);
13: 46 (8/V1/2014); 18, 1Q: 47 (23/V1/2013); 13: 53
(6/V1/2015); 13: 57 (23/V1/2013); 13: 59 (22/V1/2013);
13 62 (17/V1/2013); 13: 69 (30/V1/2013).

Distribution. Nearctic: Canada, USA; PA: from Spain
and France eastwards through Central Europe and Northern
Europe into Russia; Turkey, Kazakhstan, Armenia
(Hasbenli and Evenhuis 2000; Evenhuis and Greathead
2003, 2015); Russia: in Russia it is the most common and
widely distributed species, it is distributed to the north, the
middle Urals, is found in Siberia and the Far East (Zaitzev
1966); Kirov region, Komi Republic (Pestov and Yuferev
2015).

Systoechus ctenopterus (Mikan 1796).

Material. 13 8 (11/VI/2017); 138: 9 (11/V1/2017);
283, 299: 12 (25/VII/2017); 19: 16 (29/VII/2017); 13:
17 (20/VI11/2017).

Distribution. PA: from Spain and France eastwards
through Central Europe and Northern Europe into Russia;
Turkey, Egypt, Armenia (Hasbenli and Evenhuis 2000;
Evenhuis and Greathead 2003, 2015); Russia: whole of
Russia to Leningrad region in the north and to Yakutsk
estward (Paranomov 1940; Zaitzev 1966); Republic of
Mordovia (Plavilshchikov 1964; Feoktistov 2011); Kirov
region, Komi Republic (Pestov and Yuferev 2015); Yakutia
(Nartshuk and Bagachanova 2012).

Thyridanthrax fenestratus (Fallen 1814).

Material. 1Q: 34 (20/VI1/2014); 13: 67 (17/V1/2015).

Distribution. PA: from Spain, France and Great Britain
eastwards through Central Europe and Northern Europe
into Russia; Turkey, Egypt, Azerbaijan, Armenia, Turkish
(Falck and Greve 1999; Hasbenli and Evenhuis 2000;
Evenhuis and Greathead 2003, 2015); Russia: Central part
of Russia, North Caucasus (Zaitzev 1966); Kirov region,
Komi Republic (Pestov and Yuferev 2015).

Villa cingulum (Wiedemann in Meigen 1820).

Material. 19: 50 (15/VIII/2015).

Distribution. PA: Armenia, Azerbaijan, France, Greece,
Georgia, Italy, Portugal, Spain, Yugoslavia (Evenhuis and
Greathead 2003, 20015); Russia: The European part of
Russia to Leningrad region, North Caucasus (Zaitzev
1966); Yakutia (Nartshuk and Bagachanova 2012).

Villa hottentotta (Linnaeus 1758).

Material. 1Q: 11 (19/VII/2015); 13 18 (19/VI1/2014);
1Q: 20 (19/VII/2014); 433: 27 (28/VIL/2011); 13: 34
(20/V11/2014); 2383 35 (11/VI11/2015, 20/VIL/2014); 129:
36 (16/VII/2015); 18, 19Q: 37 (3-4/VII/2013); 18: 39
(27/VIl/2014), 1Q: 42  (27/VII/2014); 19: 43
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(23/VIIL/2015);  19: 44  (5/VIL2013); 14: 51
(15/V111/2015); 19: 55 (6/VIII/2013); 19: 58 (5/VI1/2015);
1372 (1/VIII/2009); 13 73 (2/VIII/2015).

Distribution. PA: from Spain, France and Great Britain
eastwards through Central Europe and Northern Europe
into Russia; Turkey, Azerbaijan, Tunisia (Falck and Greve
1999; Hasbenli and Evenhuis 2000; Evenhuis and
Greathead 2003, 2015); Russia: European part of Russia
(Zaitzev 1966); Republic of Mordovia (Plavilshchikov
1964); Kirov region, Komi Republic (Pestov and Yuferev
2015), Yakutia (Nartshuk and Bagachanova 2012).

Geometric morphometrics

Highly significant differences in wing centroid size
were observed among species (F = 5.40, P < 0.01), but not
between sexes (F = 0.73, P = 0.40) (results of ANOVA).
The Tukey post hoc test revealed that females of Bombylius
major and B. discolor were significantly larger than males
(P < 0.1). For the species Bombylius minor, wing size did
not vary significantly between sexes. The Procrustes
ANOVA results also indicate that there were strong
interspecific differences in wing shape (F = 6.28, P <
0.0001), as well as significant sexual dimorphism (F =
6.08, P < 0.0001). There were no significant differences in
size and shape between left and right wings of studied
specimens (F = 1.12, P = 035 and F = 0.29, P = 1.0
respectively).

Wing shape variation among species was analyzed
using CVA, which resulted in two canonical variates. Most
of the variance (56.45%) for the Bombylius species
comparison fell in the first canonical variate (CV1), which
was associated with displacements of landmarks 2, 3, 7, 8,
12, 13, 14, 17, 18 and 19 (Figure 3). In other words, CV1
described a variation from a wing with landmarks 12 and
13 in a more distal position, 7 and 8 in a more proximal
position and landmarks 2, 3, 14, 17, 18, 19 in a more
anterior position (Bombylius discolor) to a wing with
landmarks 12 and 13 in a more proximal position, 7 and 8
in a more distal position and landmarks 2, 3, 14, 17, 18, 19
in a more posterior position (Bombylius minor). From
Figure 3 it can be seen that CV1 also revealed a clear
separation of all three species. [

The second canonical variate (CV2) accounted for
approximately 43.55% of the overall wing shape variation,
separated Bombylius major and B. minor from B. discolor.
As shown by thin-plate splines, CV2 was associated with
displacements of landmarks 1, 4 and 5, i.e. CV2 reflects a
variation from a wing with relatively distal apical points of
M;+Rs and M, and relatively distal and posterior position of
apical point of R; (Bombylius major) to a wing with
relatively proximal apical points of M;+Rs and M, and
relatively proximal and anterior position of apical point of
R; (Bombylius minor and B. discolor).

DA successfully assigned almost all studied exemplars
into their a priori species and sexes (Table 2). The
percentage of correctly classified was about 99%, which
indicated wing shape is a reliable predictor of interspecific
discrimination.
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Figure 3. Scatter plot of individual scores from the CVA comparing specimens of the three Bombylius species with the associated shape

changes (circles-males, triangles-females)

Table 2. Assignment of studied specimens to their a prori groups

1 2 3 4 5 6 Yo

correct
1 B. discolor male 11 0 0 0O O 0 100.00
2 B. discolor female 0 12 0 0O O 0 100.00
3 B. major male 0 0 11 0O O 0 100.00
4 B. major female 0 0 0 37 0 0 100.00
5 B. minor male 0 0 0 1 14 0 93.33
6 B. minor female 0 0 0 0 0 20 100.00
Note: Rows: observed classification; columns-predicted
classification

A general characteristic of sexual shape dimorphism in
all three species is a narrowing of the region between CuA
and A4; (landmarks 7 and 8) (Figure 4). The trend toward
displacement of branching point of vein R»+3 and Ry
(landmark 18) have been revealed in Bombylius major and
B. minor: landmark 18 is more distal in males than in
females. In addition, sex-related variation in Bombylius
major and B. minor involves a displacement of the point of
intersection of M3+, and the wing margin (landmark 6): it is
in a more proximal position in males than in females. The
sex-related variation in Bombylius major and B. minor was
distributed in few dimensions than in Bombylius discolor.
The pattern of sexual dimorphism in the latest involved
(except as stated above) displacements of landmarks 1, 4,
5,9, 14 and 17.

Figure 4. Changes in the wing shape associated with sexual
dimorphism: the male average shape-black outlines, the female
average shape-grey outlines. Species: A. Bombylius discolor, B.
Bombylius major, C. Bombylius minor.
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Pairwise Procrustes distances among sexes ranged from
0.0415 in Bombylius minor to 0.0853 in Bombylius major.
Permutation tests showed the differences to be significant
(P <0.0001). The PC1 of wing shape sexual dimorphism in
Bombylius major was similar from both the PC1 of B.
discolor (39.82°, P < 0.0001) and Bombylius minor
(40.00°, P < 0.0001). Similarity of sexual dimorphism in
Bombylius major and B. discolor was confirmed by high
matrix correlations between covariance matrices (MC =
0.61, P <0.0001). However, we observed a low correlation
between covariance matrices of sexual dimorphism of
Bombylius major and B. minor (MC = 0.14, P = 0.24) in
one hand and Bombylius discolor and B. minor (MC =
0.22, P = 0.02) on the other hand. The angle between the
PC1 vectors of sex-related variation of Bombylius major
and B. minor was 60.03° (P <0.0001).

The regression of shape variables on centroid size
denied the occurrence of significant allometric effect of
shape. Therefore, allometry explained 6.63% of
interspecific variation. The allometric components of
sexual dimorphism were 0.91% (Bombylius discolor),
4.70% (Bombylius major) and 2.76% (Bombylius minor).

In Europe, approximately 335 species of the family
Bombyliidae occur (Evenhuis and Greathead 2015).
According to the numerous faunistic data (Hasbenli and
Evenhuis 2000; Nartshuk and Bagachanova 2012;
Kahanpdi et al. 2014; Katona 2017), diversity of bee fly
increases from north to south, and the most species occur in
southern regions. [

This paper is the first review of bee fly diversity of
Republic of Mordovia. According to our data, fauna of the
family Bombyliidae in Republic of Mordovia includes 21
species. In general, representatives of transpalaearctic
group (Bombylius medius, Hemipenthes morio, Systoechus
ctenopterus, Villa hottentotta) are the most prevalent.

Hemipenthes maura has been found at steppe meadow
with motley-grass vegetation, this species visits bushes
(Rosa cinnamomea, R. glabrifolia, R. rugosa). Systoechus
ctenopterus has been found at dry meadow and meadow-
steppe sites.

The first imago of bee flies appears in the Republic of
Mordovia in April and May. In spring bombyliidae fauna is
formed by the species of the genus Bombylius: B. discolor,
B. major, B. medius. In the early summer the following
species dominate: Anthrax anthrax, Bombylosoma
unicolor, Exoprosopa capucina, Hemipenthes maura, H.
morio,  Thyridanthrax  fenestratus and  Systoechus
ctenopterus. During July and August species Anastoechus
nitidulus, Antrax varius, Villa hottentotta, Villa cingulum
appear. In autumn species composition is poor and
Anastoechus nitidulus remains. Bee flies preferred open
space with grass vegetation; they are to be found on land,
paths, and stones. [

Unfortunately, it has not been possible to compare the
biodiversity of bombyliid flies with neighboring regions
due to the lack of comprehensive data on their fauna. Only
in a number regions of Russia fauna of the family
Bombyliidae is well-studied (Zaitzev 1966; Nartshuk and
Bagachanova 2012; Pestov and Yuferev 2015).
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The results of recent studies indicated that
morphometric exploring wing shape variation represents an
effective approach for finding differences between taxa and
in examining of evolutionary transitions. Wing
morphometric analysis produced interesting findings, for
instance, of flies from the following families: Tabanidae
(Torres and Miranda-Esquivel 2015), Tephritidae (Schutze
et al 2012), Psychodidae (Dvorak et al. 2006) and
Calliphoridae (Sontigun et al. 2017). These studies
suggested that geometric morphometric analysis is a useful
additional method for species discrimination, detection of
differences between populations and sexes and
consideration of evolutionary trends.

Results of our geometric morphometric analysis of
bombyliid species suggested that wing shape is a good
discriminator of the species. Although it is not necessary to
use this fact directly, because these three bombyliid species
differ in wing coloration, the number of visible
morphological characters, however, the qualitative and
quantitative characteristics of these differences can provide
information about the adaptations and developmental
pathway of species. Both interspecific variation and sexual
dimorphism of wing shape were associated with
displacement of distal point of R;. The analysis revealed
evolutionary trends in wing shape changes of Bombylius
species. The first one represented displacement the
terminus of R; toward the apical part of wing from
Bombylius minor and B. discolor to B. major.

Sexual size and shape dimorphism is a widespread
phenomenon in dipteral insects, and has therefore
generated interest in evolutionary biology (Richard 1927,
McLachlan 1986; Sivinski and Dorson 1992; Gidaszewski
et al 2009). Sexual size and shape dimorphism is often the
result of the different life strategies, roles in reproduction
of males and females or adaptation of sexes to different
ecological niches (Shine 1990) and in some cases carried a
clear phylogenetic signal (Houle et al. 2003; Chursina and
Negrobov 2018).

Our study has yield the presence of sexual size and
shape dimorphism in the studied bombyliid species (sexual
size dimorphism is absent in Bombylius discolor).
However, at this stage behavior data of bee flies are
fragmentary, therefore, the differences in wing size and
shape between sexes it is possible to estimate only
theoretically. Poulton (1918) noted that Bombylius males
are able to change the note of his humming, which
represents an element of courtship behavior. Perhaps there
is an interaction between wing size and shape and sounds
issuing by males. The resent studies (Panov 2007) of the
gut content of Bombylius major clearly showed quantitative
differences in the diets of males and females. Both males
and females visit the same plants, but females consume
considerably more pollen. Therefore, it may be preliminary
assumed that the increases of wing size in female may be
an adaptation resulting in increase of aerodynamic forces
that are proportional to wing area (Elington 1984).
However, this explanation of wing dimorphism requires
providing conclusive evidence and broader survey of
species in future studies.
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In addition, significant difference between R; length of
males and females flies was found for all studied species.
Females are about 3.8% larger than males for R; length.
Since the anterior wing margin experiences the greatest air
resistance in flight, it can be concluded that there is a clear
trend to ‘costalization' of anterior veins, that may confer the
improvement aerobatic ability of Bombylius flies. Similar
trends were discovered in dolichopodid (Chursina and
Negrobov 2018) and simuliids fly (Pepinelli 2013).

Finally, we tested allometric relationships both the
species and sex level by considering association between
wing shape variables and wing centroid size. It was
revealed that shape variation for these species, for the most
part, is not allometric. In addition, there was no evidence
for allometric relationships relating to  sexual
dimorphism. [

Our future research will be devoted primarily to the
collection of morphometric data of other bombyliid species
and enlarged samples to perform comparative analyses of
the interspecific relationships and to reveal a presence of
phylogenetic signal in the interspecific variation and sexual
dimorphism of wing shape.
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