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New data and records of the genus Chrysotoxum Meigen, 1803 are reported, arising
from taxonomic and faunistic examination of adult specimens collected from 1920 to
2011 from four northeastern provinces of Turkey (Erzurum, Bayburt, Kars, and
Artvin), and from the neighboring countries of Armenia, Azerbaijan and Iran. Three
new species are described: Chrysotoxum antennalis Vuji¢, Nedeljkovi¢ & Hayat sp. n.,
C. clausseni Vuji¢, Nedeljkovi¢ & Hayat sp. n. and C. persicum Vuji¢, Nedeljkovi¢ &
Hayat sp. n. The first two are known only from northeastern Turkey, and the third also
occurs in Armenia, Azerbaijan and Iran. These new species have in common an anten-
na with the basoflagellomere being shorter than the scape and pedicel together.

http://www.zoobank.org/urn:1sid:zoobank.org:pub:4C264678-8E47-4DE0-AC7D-
91DABC597BCD

Keywords: Hoverflies, Chrysotoxum antennalis sp. n., Chrysotoxum clausseni sp. n.,
Chrysotoxum persicum sp. n., Middle East, Eastern Anatolia

Introduction

Hoverflies (Diptera: Syrphidae) represent one of the most species-rich dipteran families,
with over 6000 described valid species from 188 genera (Brown, 2009; Thompson,
2013). Adults of these flies have a significant ecological role as pollinators (Larson,
Kevan, & Inouye, 2001; Inouye, Larson, Ssymank, & Kevan, 2015), and immature
stages can be important biological control agents and recyclers of organic matter (e.g.
Morales & Wolff, 2010; Rotheray & Gilbert, 2011; Gresham et al., 2013).

The genus Chrysotoxum (Syrphinae: Syrphini) consists of large, wasp-mimicking
species with elongated antennae, an abdomen strongly convex dorsally, with yellow
fasciae on the terga, and the thoracic pleurae with yellow maculae (Thompson & Roth-
eray, 1998). Adults of this genus are found in many habitat types (Speight, 2015), and
their larvae are associated with ants and/or root aphids (Rotheray, 1994). Determining
the taxonomy of these distinctive hoverflies has often proven difficult due to subtle
morphological differences (Nedeljkovi¢ et al., 2013, 2015), and the high level of intra-
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specific variability (Sang-Wook & Ho-Yeon, 2013). Although several taxonomic stud-
ies on European (Loew, 1841; Giglio-Tos, 1890; Rondani, 1845; Shannon, 1926) and
American (Shannon, 1926) species of this genus have been carried out, Chrysotoxum
urgently needs a complete and exhaustive revision (Speight, 2015). A comprehensive
study of this genus was recently conducted for the Balkan Peninsula, resulting in revi-
sions of the festivum and vernale species groups (Nedeljkovic¢ et al., 2013, 2015).

Chrysotoxum species are distributed in all biogeographical regions except Australa-
sia and Antarctica (Vockeroth, 1969; Thompson, Rotheray, & Zumbado, 2010). In the
Palacarctic, 71 species have been recorded, 26 of which are present in Europe (Vock-
eroth, 1969; Violovitsh, 1974; Peck, 1988; Nedeljkovic et al., 2013, 2015). In the Mid-
dle East, Iran is the most species-rich country with 15 recorded Chrysotoxum species
(Kazerani, Talebi, & Gilasian, 2013), followed by Turkey with 11 species (Toth, 2013;
Saribiyik, 2014), Armenia (11 species) and Azerbaijan with five species
(http://insectoid.info/checklist/syrphidae/azerbaijan).

Turkey represents a geographic link between Europe, Asia and Africa. The Mediter-
ranean Basin is one of the 25 world biodiversity hotspots (Myers, Mittermeier, Mitter-
meier, Fonseca, & Kent, 2000), and as part of it, Turkey is one of the most biodiverse
countries in Europe and the Middle East. Studies on the syrphid fauna of Turkey began
more than a century ago (Bischof, 1902). Since then, 303 species of Syrphidae from 73
genera have been recorded (Saribiyik, pers. comm.). Several hoverfly species have been
described from Turkey in the last two decades. Iran is located in a crucial geographic
position, acting as a connection between the Palaearctic and Oriental regions. The var-
ied and unique habitats in Iran have contributed to a rich Syrphidae fauna, with 124
species recorded so far (Dousti & Hayat, 2006), of which 68 belong to the subfamily
Syrphinae and 15 to the genus Chrysotoxum (Kazerani et al., 2013). In contrast with
Turkey and Iran, Azerbaijan and Armenia lack recent faunistic studies or biological
surveys, and the low numbers of recorded syrphid species from both countries (16 and
44 species, respectively) may reflect a lack of sampling and poor knowledge of their
faunas.

In the present survey, the Chrysotoxum fauna of northeastern Anatolia — a highly
mountainous region with few valleys and plains — and the neighboring countries of
Armenia, Azerbaijan and Iran was studied. The main aim of this study was to provide
new insights into the taxonomy of the genus Chrysotoxum from the Middle East and
resulted in the description of three new species.

Material and Methods

The following references were used for identification: Violovitsh (1974), Claussen & Vuji¢ (un-
published key), and Nedeljkovi¢ et al. (2015). A total of 102 specimens from different localities
in north-east Turkey (Artvin, Bayburt, Erzurum and Kars provinces), Azerbaijan, Armenia and
Iran were examined. They were collected between 1920 and 2011 by various collectors.

To describe and diagnose the species, morphological characters were checked using a Nikon
SMZ 745T binocular microscope. Body size was measured as the length (‘L’) from the tip of the
frontal prominence (excluding antennae) to the tip of the abdomen. Proportional length of the
antennal segments is given as a ratio (‘r’) of x:y:z (‘x’, scape; ‘y’, pedicel; ‘z’, basoflagellomere).
Measurements were made using an eye-piece micrometer. High-resolution images of different
body parts were captured using a Leica DFC320 video camera attached to a Leica MZ16 stere-
omicroscope, which was connected to a PC.

Morphological terms follow Thompson (1999). Colour characters were described from dry-
pinned specimens. The following abbreviations have been used: T1 - first tergum, T2 - second
tergum, T3 - third tergum, etc.; S1 - first sternum, S2 - second sternum, S3 - third sternum; n -
number of specimens used for the taxonomic analyses.
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Figure 1. Map of population sampling locations of the species examined.

To study male genitalia, specimens were relaxed using a humidity chamber and the genitalia
were extracted using an insect pin with a hooked tip. The genitalia were then cleaned in warm
10% KOH for 3 to 5 min and then washed in acetic acid, followed by ethanol, to neutralize the
KOH. Finally, male genitalia were stored in microvials containing glycerol. For preparing the
distribution map, GenGIS 2 software (Parks et al., 2013) was used.

Acronyms. EMIT, Entomological Museum of Isparta, Turkey; M{N, Museum fiir Naturkunde,
Berlin, Germany; TMUI, Department of Entomology, Tarbiat Modares University, Tehran, Iran;
ZISP, Zoological Museum, Academy of Sciences, Russian Academy of Sciences, St. Petersburg,
Russia; ZFMK, Zoologisches Forschungsmuseum Alexander Koenig, Bonn, Germany; ZMHB,
Zoologishes Museum of Humbolt University, Berlin, Germany; NHMW, Naturhistorishes Muse-
ums Wien, Austria; NMVM, Museums Victoria, Melbourne, Australia; LSF, Museo Zoologico
La Specola, Firenze, Italy; CSCA, California State Collection of Arthropods, USA, California,
Sacramento.

Results

Revision of the studied material of the genus Chrysotoxum resulted in eight species
being identified from North-East Turkey. Three of them are new records for Turkey and
three are species new to science. Two of the new species — C. antennalis sp. n. and C.
clausseni sp. n. — are exclusively known from North-East Turkey, and the third one, C.
persicum sp. n., is known also from Armenia, Azerbaijan and Iran. These three species
have in common an antenna with the basoflagellomere shorter than the scape and pedi-
cel together.
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Figure 2. Chrysotoxum antennalis n. sp., antennae, dorsal view. — Scale bar =1 mm.

Chrysotoxum antennalis Vujié, Nedeljkovi¢ & Hayat sp. n.

(Figures 2, 3B, 3D, 4B, 5A, 7A, 8E, 9A, 9B)

Type material. Holotype: &, TURKEY: Erzurum, Aziziye-Sorkunlu (40.07°N,
40.96°E), 30.vii.1998, 1800 m, leg. R. Hayat [08192, EMIT]. — Paratypes: 14, TUR-
KEY, Erzurum, Pasinler-Pelitli (39.98°N, 41.66°E), 14.vii.1998, 1450 m, leg. O.
Calmasur [08191, EMIT); 1J, 29, Erzurum, Palanddken Mountain (39.91°N, 41.27°E),
6.vii.1996, leg. R. Hayat [08193, 08194, 08195, EMIT]; 19, Erzurum, Umudum Plateau
(40.01°N, 41.27°E), 8.viii.1991, leg. R. Hayat [08197, EMIT]; 1%, Bayburt, Aydintepe-
Incili (40.39°N, 40.20°E), 9.ix.1994, leg. N. Aktiirk [08198, EMIT].

Comparative material of other species. Holotype of Chrysotoxum gracile Becker, 1921:
1J, Spain, 39386; gracile Becker, det. Becker; holotype (Claus) [ZMHB]. The holotype
was examined by A. Vuji¢. It is in very bad condition and lacks both head and abdo-
men. — Lectotype of Chrysotoxum vernale Loew (1 male labelled as 'vernale, Schlerin' /
'Alte Sammlung' / S11470 [NHMW] and paralectotypes 1f labelled as 16/547 / vernale
Loew Alte Sammlung/Chrysotoxum vernale f Loew  (NHMW), 20 specimens labelled
as “Coll H. Loew” and seven specimens not labelled but supposed to be part of Loew’s
collection and collected in Poznan (J. Ziegler, in. lit.); 10 of the 20 “Coll H. Loew”
specimens are labelled as “Wien Schiner” (4 specimens), “Florenz Mann” (3 speci-
mens), “Syrakus Zeller” (1 specimen), “Spanien” (1 specimen), “Paris” (1 specimen)
[ZHMB] designated in Nedeljkovi¢ et al., 2015. — Holotype of Chrysotoxum verae Vio-
lovitsh, 1973 and Chrysotoxum rubzovi Violovitsh, 1973 [ZISP]. This species was ex-
amined using high resolution photos of the dorsal and lateral overall views of the spec-
imen.

Diagnosis. Medium-sized species (10—12 mm; n=5); scape long, longer than pedicel
(x:y=1.4) (Figure 2); scutum with intermixed long yellow and short black pile; wing
cells R; and R,.; with dark-brown macula; abdomen elongated and parallel-sided; ab-
dominal fasciae yellow, not reaching the lateral margins (Figure 4B); pro- and meso-
femora black in the basal third and metafemora black in the basal 2/3. This species
resembles Chrysotoxum gracile and C. vernale. It shares a very long first antennal seg-
ment (scape) with C. gracile, and it shares with C. vernale the basal thirds of the pro-
and mesofemora being black, and the basal 2/3 of the metafemur being black.
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Figure 3. Pleuron, lateral view: A- Chrysotoxum clausseni sp. n. (male). B- Chrysotoxum anten-
nalis sp. n. (female). C- Chrysotoxum persicum sp. n. (female). D- Chrysotoxum antennalis sp. n.
(male). E- Chrysotoxum vernale (male). — Scale bar =1 mm.

Chrysotoxum antennalis sp. n. can be distinguished from C. gracile by the following
combination of characters: wing cells R; and R,,; with dark-brown macula (absent in C.
gracile), katepisternum black in males (Figure 3D) (yellow in C. gracile); mesonotum
with intermixed black and yellow pile (mesonotum only with yellow pile in C. gracile);
pro- and mesofemora black in the basal third and metafemur black in the basal 2/3
(completely yellow in C. gracile); frons of females with rectangular connected microtri-
chose maculae (Figure 5A) (in C. gracile these maculae are separated (Figure 5G)).
Chrysotoxum antennalis sp. n. differs from C. vernale by having a pale posterior margin
of at least T4 (all black in C. vernale); katepisternum with a yellow spot in females
(Figure 3B) (all black in C. vernale) and frons with rectangular connected microtrichose
maculae (Figure SA) (in C. vernale these maculae are separated and triangular (Figure
5D)).

Chrysotoxum antennalis sp. n. shares a very long first antennal segment (scape) with
C. verae Violovitsh, 1973 described from the Russian Caucasus Mountains and Arme-
nia. Chrysotoxum antennalis sp. n. can be distinguished from C. verae by the very elon-
gated abdomen (which is more oval in C. verae) and the black katepisternum (in C.
verae it has yellow maculae). Chrysotoxum antennalis sp. n. shares an elongated abdo-
men with Chrysotoxum rubzovi Violovitsh, 1973, but can be distinguished from this
species by the black katepisternum.

Description. Male (Figure 9A). L=14 mm. Head: Eye pile straight and yellow, denser
and longer in the dorsal half; vertical triangle black with black pollinosity in the anterior
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part and silver pollinosity in the posterior part with yellow pile; frontal triangle black
with long yellow pile and the silver pollinosity in the posterior part; face yellow with
yellow pile and black vitta extending from antennal bases to the mouth edge, occupying
1/3 of the facial width; mouth edge black with yellow pile; antennae black, scape longer
than pedicel (x:y=1.4) (Figure 2), arista bare, dark-brown; occiput white pollinose with
long yellow pile. — Thorax: Mesonotum black with two longitudinal, silver pollinose
vittae extending for 2/3 of its length, covered with long yellow and short black pile;
vittae narrower than ocellar triangle; katepisternum completely black (Figure 3D); scu-
tellum yellow except for the central part, covered with long yellow and short black pile,
blackish at the lateral corners; legs yellow except basal third of pro- and mesofemora
and basal 2/3 of metafemora which are black, covered with yellow pile; wing membrane
extensively microtrichose; wing cells R; and R,.; brown-pigmented. — Abdomen: Elon-
gated, parallel-sided; shiny black with short black pile, except T1 and anterior part of T2
which have yellow pile; fasciae not reaching the lateral margins of terga, covered with
yellow pile (figure 4B); all sterna shiny black with black pile, except for yellow macu-
lae and fasciae that are covered with yellow pile; S1 and anterior part of S2 with long
and erect yellow pile; anterior margin of S3 with two interconnected yellow fasciae, not
reaching the lateral margins; anterior margin of S4 with two yellow maculae not reach-
ing the lateral margins. — Male genitalia: Hypandrium and epandrium almost the same
length (Figure 7A). Surstylus almost the same length as the rest of epandrium (Figure
8E).

Female (Figure 9B). Frons with broad rectangular microtrichose maculae connected
in the center (Figure 5A); mesonotum with short black pile; T3, T4 and TS5 with broad
yellow fasciae in the posterior part and reaching the lateral margin, covered with short
black pile. Katepisternum with yellow maculae (Figure 3B).

Etymology. Chrysotoxum antennalis sp. n. refers to the long antennal scape of the spe-
cies. Name in apposition.

Taxonomic notes. Width of yellow fasciae on T3 and T4 can vary, occupying 1/4 to 1/3
of body width.

Distribution (Figure 1). Northeast Turkey (Erzurum and Bayburt provinces).
Flight period. From April to September.

Chrysotoxum clausseni Vuji¢, Nedeljkovi¢ & Hayat sp. n.

(Figures 3A, 4D, 5C, 6A, 7B, 8G, 9C, 9D)

Type material. Holotype: 18, TURKEY: Erzurum, Giingdrmez, (40.16°N, 41.34°E),
4.viii.1990, leg. R. Hayat, Chrysotoxum sp. cf. vernale Lw. det. Claussen, 1994, f3
partly dark [08205, EMIT]. — Paratypes: 13, TURKEY: Erzurum, Karagébek Mountain
(39.60°N, 40.85°E), 5.vii.1989, leg. R. Hayat [08201, EMIT); 1J, Erzurum, Senkaya
Plateau (40.29°N, 40.62°E), 5.vii.1992, leg. R. Hayat [08204, EMIT]; 33, 49, Erzu-
rum, Palandéken Mountain, 39.91°N, 41.27°E, 28.vi.1996 (28, 429), 2200m, leg. R.
Hayat [08199, 08206, 08203, 08207, 08209, 08210, EMIT], 19.vii.1996 (13), leg. S.
Firat [08202, EMIT]; 14, 19, Erzurum, Pazaryolu-Akbulut (40.42°N, 40.77°E),
18.vi.1994, leg. R. Hayat [08200, 08211, EMIT]; 19, Erzurum, Aziziye-Atlikonak
(39.89°N, 40.96°E), 18.vii.1997, leg. O. Calmasur [08208, EMIT]; 1%, Bayburt, Kop
Mountain (40.05°N, 40.51°E), 28.vi.1990, leg. R. Hayat [08212, EMIT].

Comparative material of other species. Type material of Chrysotoxum vernale listed
above.
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E

Figure 4. Abdomen, dorsal view: A- Chrysotoxum gracile. B- Chrysotoxum antennalis sp. n.. C-
Chrysotoxum vernale. D- Chrysotoxum clausseni sp. n.. E- Chrysotoxum octomaculatum. F-
Chrysotoxum persicum sp. n. — Scale bar =1 mm.

Diagnosis. Medium-sized species (11-14 mm; n=10); scape and pedicel almost the
same length (x:y=1); mesonotum covered with intermixed short and long black pile;
scutellum yellow with pale and transparent central macula; katepisternum completely
black (Figure 3A); pro- and mesofemora black in the basal 1/3 and metafemur black in
the basal 2/3; metafemur of female black in the basal 2/3.

This species is similar to C. vernale from which it can be distinguished by the yellow
transparent macula on the scutellum (black in C. vernale) and the colour of the meta-
femora in females, which are black in the basal 2/3 (Figure 6A), in contrast to C. ver-
nale in which they are completely yellow (Figure 6B).

Description. Male (Figure 9C). L=14 mm. — Head: Eye pile straight and yellow, denser
and longer in the dorsal half; vertical triangle black with black pollinosity in the anterior
corner and silver pollinosity in the posterior part; vertical triangle with black pile in the
anterior part and intermixed black and yellow pile in the posterior part; frontal triangle
black with black pile and with white pollinosity in the posterior part; face yellow with
yellow pile and black vitta extending from antennal bases to mouth edge; mouth edge
black; antennae black; scape and pedicel almost the same length (x:y=1) with short
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black setae; arista light-brown, bare; occiput white pollinose with black pile (exception-
ally some yellow pile can be present). — Thorax: Mesonotum black with short black
setae and intermixed long yellow pile; mesonotum with two longitudinal, silvery pol-
linose vittae extending for 2/3 of its length; vittae narrower than ocellar triangle; katepi-
sternum completely black (Figure 3A); scutellum yellow with transparent yellow central
macula, blackish at the lateral corners, with short black and long yellow pile; legs yel-
low, basal 1/3 of pro-and mesofemora and basal 2/3 of metafemora black with yellow
pile (some short black setac can be present in the apical parts of femora); wing mem-
brane extensively microtrichose; wing cells Ry and Ry.; brown-pigmented. — Abdomen:
Shiny black with short black setae, except T1 and the anterior part of T2 which have
yellow pile; abdominal fasciae yellow, not reaching lateral margins, covered with yel-
low pile (Figure 4D); all sterna shiny black with black pile, except yellow maculae and
fasciae which are covered with yellow pile; S1 and anterior part of S2 with long erect
yellow pile; anterior margin of S3 with two interconnected yellow fasciae, not reaching
the lateral margins; anterior margin of S4 with two yellow maculae not reaching the
lateral margins. — Male genitalia (Figure 7B): Similar to C. vernale (Figures 7G, 8C),
but surstylus longer (Figure 8G).

Female (Figure 9D). Frons with triangular microtrichose maculae (Figure 5C); scutum
with short black setae; metafemora black in the basal 2/3.

Etymology.This new species is named in honour of our colleague and great syrphidolo-
gist Claus Claussen.

Taxonomic notes. Lateral corners of scutellum can vary from completely black to al-
most transparent light brown.

Distribution (Figure 1). North-East Turkey (Erzurum and Bayburt provinces).
Flight period. From April to September.

Chrysotoxum gracile Becker, 1921

Material. TURKEY: 3&, 19, Erzurum, Atatiirk University Campus, (39.90°N,
41.24°E), 15.vi.1997 (13), (leg. R. Hayat) [08160, EMIT], 7.vii.1993 (13) leg. E. Kilig
[08161, EMIT]; 13.vi.1996 (13), 1850 m, leg. R. Hayat [08163, EMIT]; 19,
21.viii.1992, leg. R. Hayat [08165, EMIT]; 1&, Erzurum, Tortum, (40.29°N, 41.54°E),
9.vi.1996, leg. G. Tozlu [08162, EMIT]; 19, Erzurum, Oltu- Basakli, 40.48°N, 41.81°E,
1.vii.2000, 1800 m, leg. 0. Calmasur [08164, EMIT]; 19, Erzurum, Senkaya Plateau,
40.56°N, 42.35°E, 9.vii.1990, leg. R. Hayat [08167, EMIT]; 19, Erzurum, Palandoken
Mountain (39.91°N, 41.26°E), 6.vii.1996, leg. R. Hayat [08166, EMIT].

Distribution in Turkey: Erzurum province (Figure 1). New for Turkey.

Chrysotoxum montanum Nedeljkovi¢ & Vujié, 2015

Material. TURKEY: Erzurum, 18, 19, Atatiirk University Campus, (39.90°N,
41.24°E), 9.vi.2005, 1850 m, leg. R. Hayat [08213, 08224, EMIT]; 2¢, Erzurum, Dum-
lu-Ko6skkoyii (40.56°N, 42.35°E), 20.vi. 1996, leg. R. Hayat [08217, 08218, EMIT]; 19,
Erzurum, Oltu, Basakli (40.48°N, 41.81°E), 1.vii.2000, 1800 m, leg. O. Calmasur
[08220, EMIT]; 19, Erzurum, Pasinler-Rabat (39.98°N, 41.66°E), 13.vi.1996, leg. G.
Tozlu [08222, EMIT]; 1&, Erzurum, Rabat (39.98°N, 41.66°E), 13.vi.1996, 2400 m,
leg. E. Yildinm [08216, EMIT]; 19, Erzurum, Palandoken Mountain (39.91°N,
41.27°E), 1.vii.1997, 2400 m, leg. R. Hayat [08223, EMIT]; 19, Erzurum, Aziziye-
Atlikonak (39.89°N, 40.96°E), 11.vi.2000, 2000 m, leg. O. Calmasur [08226, EMIT];
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Figure 5. Frons of females, frontal view: A- Chrysotoxum antennalis sp. n.. B- Chrysotoxum
persicum sp. n.; C- Chrysotoxum clausseni sp. n.; D- Chrysotoxum vernale. E- Chrysotoxum
octomaculatum. F- Chrysotoxum orthostylum. G- Chrysotoxum gracile. — Scale bar = 1 mm.
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A % B .

Figure 6. Metaleg, dorsal view; A- Chrysotoxum clausseni sp. n. (female); B- Chrysotoxum ver-
nale (female). — Scale bar = 1 mm.

19, Erzurum, Pasinler-Pelitli (40.10°N, 41.63°E), 14.vii.1998, 1450 m, leg. Calmagur
[08225, EMIT]; 14, Kars, Kagizman-Karakurt, EIE Spring (40.31°N, 42.65°E), 1391m,
23.v.2008, leg. R. Hayat [08215, EMIT]; 1J, Kars, Sarikamig-Karakurt, S. Gegmez
(40.33°N, 42.59°E), 4.vi.2000, leg. G. Tozlu [08219, EMIT]; 1&, Kars, Sarikamis-
Catak (40.4°N, 42.67°E), 1927m, 14.vi.2008, leg. R. Hayat [08221, EMIT].

Distribution in Turkey: Erzurum and Kars provinces (Figure 1). New for Turkey.

Chrysotoxum orthostylum Vujié, 2015

Material. TURKEY: 19, Artvin, Hopa (41.39°N, 41.42°E), 3.ix.1994, leg. Y. Kansul
[08186, EMIT); 1&, Erzurum, Dumlu-Koskkoyii (40.56°N, 42.35°E), 1.vii.1996, leg. R.
Hayat [08183, EMIT]; 1&, 19, Erzurum, Atatiirk University Campus (39.90°N,
41.25°E), 13.vi.1996, 12, 1850 m, leg. R. Hayat [08184, EMIT], 1J, 18.vi.2005
[08178, EMIT]; 18, 49, Erzurum, Palandéken Mountain (39.90°N, 41.26°E), 2200 m,
28.vi.1996 (13), leg. R. Hayat [08179, EMIT], 15.vii.1991 (29), 2400 m, leg. R. Hayat
[08187, 08190, EMIT], 6.vii.1996 (1) [08188, EMIT], 7.vii.1996 (1%), [08189,
EMIT]; 1&, Erzurum, Karagdobek Mountain (40.17°N, 41.44°E), 5.vii.1989, (leg. R.
Hayat), Chr. af. arcuatum L. det. Claussen, 1994 [08151, EMIT]; 1&, Erzurum, Uzun-
dere (40.53°N, 41.55°E), 23.vi.1996, leg. S. Firat [08177, EMIT]; 28, Erzurum, Pasin-
ler-Rabat (39.97°N, 41.66°E), 11.vii.1996, 2400 m, leg. i. Aslan [08180, 08182, EMIT];
19, Erzurum, Narman-Kire¢li Mountain, (40.34°N, 41.87°E), 1.vii.2000, 2200 m, leg.
0. Calmasur [08185, EMIT].

Distribution in Turkey: Erzurum and Artvin provinces (Figure 1). New for Turkey.

Chrysotoxum parmense Rondani, 1845
Material. TURKEY: 18, Erzurum, Aziziye-Yaylali, 15.vii.1997, (39.94°N, 41.105E°)
(leg. E. Kilig) [08159, EMIT].

Chrysotoxum persicum Vujié, Nedeljkovi¢ & Hayat sp. n.

(Figures 3C, 4F, 5B, 7F, 8A, 9E, 9F)

Type material. Holotype: &, TURKEY: Erzurum, Atatiirk University Campus (39.90°N,
41.25°E), 15.vii.1993, leg. E. Kilig [08152, EMIT]. — Paratypes: 19, TURKEY: Erzu-
rum, Ispir-Cayirozii (40.47°N, 40.98°E), 4.vii.1997, leg. E. Kilig [08156, EMIT]; 12,
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Figure 7. Male genitalia, lateral view; A- Chrysotoxum antennalis sp. n.. B- C. clausseni sp. n.. C-
C. elegans. D- C. octomaculatum. E- C. orthostylum. F- C. persicum sp. n.. G- C. vernale. — Scale
bar=0.5 mm.

Erzurum, Pazaryolu-Akbulut (40.41°N, 40.79°E), 3.vii.1997, leg. E. Kili¢c [08154,
EMIT]; 19, Erzurum, Tortum-Aksu (40.40°N, 41.49°E), 27.vii.1998, 1300 m, leg. R.
Hayat [08157, EMIT]; 19, Erzurum, Dumlu-Koéskkoyii (40.56°N, 42.35°E), 1.vii.1996,
leg. R. Hayat [08155, EMIT]; 28, 29, Erzurum, Atatiirk, University Campus, 1867 m
(39.90°N, 41.25°E), 19.vii.2005 (13, 29), leg. J. H. Stuke [ZFMK, ZFMK-DIP-
00017449, 017450, 017448], 25.vi.2008 (1), leg. R. Hayat [08153, EMIT); 19, Erzu-
rum, Palandéken Mountain (39.91°N, 41.27°E), 6.vii.1996, leg. R. Hayat [08158,
EMIT]; 49, Erzurum, Tortum, 1860 m (40.25°N, 41.53°E), 26.vii.2005, leg. J.H. Stuke
[ZFMK, ZFMK-DIP-00017451, 017452, 017447, 017448]; AZERBAIJAN: 19, Lerik,
Zuvand Gosmalian, 1300 m (38.67°N, 48.33°E), 12.vi.1996, leg. M. Hauser AS-ZUV
[ZFMK, ZFMK-DIP-00017446]; 19, Baku, Altyagach, 1200 m (40°50°N, 48°50’E),
23.vi.1996, leg. M. Hauser AS-ZUV [CSCA, ZFMK-DIP-00019864); 2&, Lerik, Zu-
vand Gosmalian, 1300 m (38.67°N, 48.33°E), 12.vi.1996, leg. M. Hauser AS-ZUV [173,
CSCA, ZFMK-DIP-00019865; 1&, ZFMK, ZFMK-DIP-00019867]; ARMENIA: 37,
19, prope Eilar, Kotaiko (40.54°N, 44.77°E), leg. A. Schelkovnikov [M{N, ZFMK-
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DIP-00017462, 017455, 017458, 017461, ZFMK, ZFMK-DIP-00017465]; 28, Ye-
revan, Etchmiadzin, Piragan (40.17°N, 44.53°E), 4500 ft, 16.vii.1924 [MfN, ZFMK-
DIP-00017456, 017459]; 19, Yerevan, Piragan, 6.x.1924 [MfN, ZFMK-DIP-
00017453]; 138, 19, Yerevan, leg. A. Schelkovnikov [MIN, ZFMK-DIP-00017466,
017467]; 13, prope Yerevan, Parakar, 30.v.1927, leg. Paramonow [MfN, ZFMK-DIP-
00017460); 13 [unreadable locality data], 1.vii.1920 [MfN, ZFMK-DIP-00017463);
Iran: 19, Qazvin, Lushan (36.09°N, 49.85°E), 22.vi.2011, leg. A. Nadimi [TMUI,
ZFMK-DIP-00017445].

Comparative material of other species. Three females that most probably belong to type
material of Chrysotoxum octomaculatum Curtis, 1837 [NMVM], because the type mate-
rial has not been designated by the author of the species (Curtis, 1823—1840). — Chryso-
toxum elegans (Villers, 1789) “is regarded as homonymous with Musca eligans Harris,
1780 (elegans in Index)” (Peck, 1988), so the authors believe that it is not necessary to
review the type material. The depository of Villers’ type material is unknown and may
have been destroyed or lost (Wyatt Niger, per. comm.). The description provided by
Villers (1789) is very poor, but indicates that abdominal fasciae are interrupted in the
median part (““...obliqui in medio interrupti”’). — Photos (dorsal and lateral views) were
examined of the syntypus of Chrysotoxum chrysopolitum Rondani, 1845 (356, Museo
La Specola, coll. Rondani, SYNTYPUS).

Diagnosis. Medium- to large-sized species (12—15 mm, n=7); x:y=1.35; frontal triangle
with yellow pile; wing cells R; and R,;; with dark brown maculae; katepisternum with
yellow maculae (Figure 3C); T3-T5 with yellow maculae in the posterior part reaching
the posterior margin (Figure 4F); male surstylus elongated, about four times longer than
wide (Figure 7F); frons of females with broad rectangular microtrichose maculae (Fig-
ure 5B). — Chrysotoxum persicum sp. n. can be distinguished from the similar C. oc-
tomaculatum by the yellow pile on the frontal triangle (black in C. octomaculatum). In
addition, wing cells R; and R,.; have dark-brown spots that are absent in C. octomacu-
latum. Ratio of scape and pedicel (x:y) is 1.35 in Chrysotoxum persicum n. sp. and 1.25
in C. octomaculatum. Male surstylus is elongated (about 4% longer than wide) (Figure
7F) but, in C. octomaculatum, it is about 3% longer than wide (Figure 7D). Frons of
females has broader rectangular microtrichose maculae (Figure 5SB) than C. octomacula-
tum (Figure 5E).

Description. Male (Figure 9E). L=18 mm. — Head. Eye pile straight and yellow, denser
and longer in the dorsal half; frontal triangle black with silver/white pollinosity and long
yellow pile; vertical triangle black with silver pollinosity, posterior part of vertical tri-
angle with yellow pile and anterior with black pile; antenna black; arista dark-brown,
bare; x:y=1.35; face yellow with yellow pile and black vitta extending from antennal
bases to mouth edge, occupying 1/6 of the facial width; mouth edge yellow with yellow
pile; occiput white pollinose, with long yellow pile. — Thorax. Mesonotum black with
two longitudinal, silvery pollinose vittae extending for two-thirds of its length, covered
with long yellow pile; vittae broader than ocellar triangle; scutellum yellow, except
central part which has light brown maculae, transparent yellow at the lateral corners;
legs yellow except coxae and trochanters which are light brown, covered only with
yellow pile; wing membrane extensively microtrichose; wing cells R; and R,.; with
black maculae in the apical parts; katepisternum with yellow macula. — Abdomen. Shiny
black and mainly with yellow pile; T1 shiny black with long yellow pile; T2—-T4 shiny
black with broad yellow fasciae in the anterior part of the tergum and reaching the lat-
eral margins, covered with long yellow pile (Figure 4F); yellow fascia in the posterior
part covered with short black pile, reaching the posterior margin of the T2-T4
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Figure 8. Male genitalia, dorsal view; A- Chrysotoxum persicum sp. n.. B- C. orthostylum. C- C.
vernale. D- C. octomaculatum. E- C. antennalis sp. n. F- C. elegans. G- C. clausseni sp. n. —
Scale bar=0.5 mm.

connected with the anterior fasciae in the lateral margin; lateral margin black in anterior
and yellow in posterior part, covered with short black and long yellow pile; S1 yellow
with small black central macula; entire S1 with long yellow pile; S2—S4 shiny black
with yellow maculae and fasciae; anterior part of S2 with two yellow maculae connect-
ed in the medial part of sternum, covered with long yellow pile, posterior part of S2
with yellow fascia covered with short black pile; S3 and S4 with two yellow maculae in
the anterior part and yellow fascia in the posterior part covered with short black pile. —
Male genitalia (Figure 7F). Similar to C. orthostylum (Figures 7E, 8B); surstylus long
and thin (about four times longer than wide) (Figure 8A); tip of hypandrium more
straight in comparison to C. orthostylum.

Female (Figure 9F). Frons with broad rectangular microtrichose maculae (figure 5B);
scutum with short yellow pile.

Etymology. The epithet persicum refers to the Persian Empire, which covered the area
of distribution of this species during the first imperial dynasty under Cyrus the Great
(founder of the Achaemenid Empire).

Taxonomic notes. Posterior yellow fasciae on T3 and T4 can vary in width (occupying
from 1/3 to 1/2 of the tergum surface).

Distribution (Figure 1): North-East Turkey (Erzurum Province), Armenia, Azerbaijan
and Iran (Qazvin Province).

Flight period. From the end of May to the end of July.
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Figure 9. New Chrysotoxum species, dorsal view; A- C. antennalis sp. n., male; B- C. antennalis
sp. n., female. C- C. clausseni sp. n., male. D- C. clausseni sp. n., female. E- C. persicum sp. n.,
male. F- C. persicum sp. n., female. — Scale bar = 1 mm.

Chrysotoxum vernale Loew, 1841

Material. TURKEY: 13, Erzurum, Oltu-Camlibel, (40.48°N, 41.76°E), 2.vi.1997 (leg.
L. Giiltekin) [08176, EMIT]; 19, Erzurum, Palandoken-Golet, (39.85°N, 41.35°E),
20.vi.1996, (leg. O. Calmasur) [08175, EMIT]; 13, 29, Erzurum, Atatiirk University
Campus, (39.90°N, 41.24°E), 28.v.1994 (), 20.vi.1998 (12), 9.vi.2005 (12), 1850 m,
leg. R. Hayat [08173, EMIT; 08172, EMIT; 08168, EMIT]; 1&, Erzurum, Palandoken
Mountain (39.85°N, 41.35°E), 7.vii.1996 (leg. R. Hayat) [08170, EMIT]; 1&, Dumlu-
Koskkoyii, (40.56°N, 42.35°E), 1.vii.1996, (leg. R. Hayat) [08169, EMIT]; 13, 12,
Senkaya-Turnali, (40.58°N, 42.21°E), 25.vii.1991 (13), 25.vii.1996 (19), 2000m, (leg.
E. Yildirim) [08174, EMIT; 08171, EMIT].

Key for Turkish species of the genus Chrysotoxum Meigen

Chrysotoxum impressum Becker, 1921 is not included in the key because of its uncer-
tain taxonomic status.

1 T3 with narrow yellow fascia or completely black; T2 with broader
yellow fascia than fasciae on T2-T5 ....ccccooceiiiiniiieene C. bicinctum (Linnaeus)
—  T2-T5 with yellow fasciae of more or less the same width ............cccoeevivveriennnnn 2

2 Male genitalia extremely large, asymmetric; female T6 with membra-
nous central interruption; basoflagellomere almost the same length as
the scape and pedicel together ..........ccccooeviiiiinieieeee e C. cautum (Harris)
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Male genitalia smaller, as long as S4, symmetric; female T6 without

membraneous central iNtEITUPLION .........ceevieiiieieieieeierieie e 3
Basoflagellomere distinctly longer than scape and pedicel together ...................... 4
Basoflagellomere shorter or the same length as scape and pedicel to-

LS 1 1T PO 6

Robust species; scutum matt; abdominal fasciaec on T3 and T4 not
reaching the lateral margins; T3 and T4 with thorn-like processes; ab-

domen with 1ong pile .......ccceevveeieiieriiiececeeceee e C. fasciolatum (De Geer)
Smaller species; scutum shiny black; abdominal fasciae reaching the

lateral margins; abdomen with Short pile ..........cccccveciiriierinnieieeeeeee e 5
Scutum with two dusted vittae broader than ocellar triangle; female with

long pile on scutum and scutellum ..........cccoeevvvverveneenennen. C. lessonae Giglio-Tos
Scutum with two dusted vittae narrower than ocellar triangle; female

with short pile on scutum and scutellum ............ccocvenennen. C. intermedium Meigen

Scutum with two broad silvery pollinose vittae (about 2x broader than
ocellar triangle), connecting in the medial part of scutum, extending for

475 0f 1S 1en@th ...eeovieiieiieieceeeee e C. parmense Rondani
Scutum with two not so broad silvery pollinose vittae (broad as ocellar

triangle), extending for 2/3 to 3/4 of its length ..........ccoocvevvivieniiiie e 7
Scape longer than pedicel (X:y=1.4) ...cocioiriiieiieeee e 8
Scape almost the same length as pedicel (X:y=1) .cecceriieriniiiiieeeeeeee, 9

Legs completely yellow; scutum and scutellum only with yellow pile
...................................................................................................... C. gracile Becker
Pro- and mesofemora black in the basal third (male and female), meta-

femora of male black in basal 2/3 (yellow in female); scutum and scutel-

lum with intermixed yellow and black pile .........ccccoeoieiiiiiiiiiiiee e
..................................................... C. antennalis sp. n. Vuji¢, Nedeljkovi¢ & Hayat

Pro- and mesofemora black in the basal 1/3, metafemora black in basal

2/3; katepisternum completely black or with a small yellow macula ................... 10
All legs completely yellow; katepisternum with a yellow macula ....................... 13
Scutum only with yellow or with intermixed black and yellow pile .................... 11
Scutum only with black pile .........ccccveveiennnn. C. montanum Nedeljkovi¢ & Vujié

Scutellum yellow with central transparent yellow macula ..........ccceceeeeieniienennne.
........................................................ C. clausseni sp. n. Vuji¢, Nedeljkovi¢ & Hayat
Scutellum yellow with central black macula ...........c.ccceevvevierierieecieeeeee 12

Posterior corners of T3 and T4 developed into thorn-like processes;

male surstylus elongate, 3.7x longer than wide (Figure 7E); frons in fe-

male with lateral rectangular microtrichose maculae (Figure 5F) .......c.ccoceoeinenns
................................................................................................ C. orthostylum Vuji¢
Posterior corners of T3 and T4 not developed into thorn-like processes;

male surstylus not so elongated; frons in female with lateral triangular

microtrichose maculae (Figure 5D) .......cccoovvevievieviieciieieeieeeeenn C. vernale Loew

Wing cells R; and R,.; with dark maculae; yellow fasciae on terga not
reaching the lateral Margins .........ccocooeieririniiiieeee e 14
Wing cells R; and R,.; without dark maculae; yellow fasciae on terga
reaching the lateral Marging ...........ccoocvevvieciieiierierieeee e 15
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14 Abdomen slender, 2 times longer than wide; posterior corners of T3 and

T4 developed into thorn-like processes; mesonotum with intermixed

yellow and black pile; abdomen broader (S5 1.3—1.5% wider than long);

face with black vitta extending from antennal bases to mouth edge, oc-

cupying 1/3 of the facial width ..........cccocoiiiiiii C. orthostylum Vuji¢
—  Abdomen more oval, 1.6—1.7 times longer than wide; posterior corners

of T3 and T4 not developed into thorn-like processes; mesonotum only

with long yellow pile; abdomen narrower (S5 1.1-1.3 times wider than

long); face with black vitta extending from antennal bases to mouth

edge, occupying 1/4—1/5 of the facial width ............c.......... C. festivum (Linnaeus)
15 Lateral margins of T3—T5 without yellow vitta ........c..cccceceereenee. C. elegans Loew
—  Lateral margins of T3—T5 with yellow Vitta .......c..ccceovvevieviieiinienieeeeeeve e, 16

16  Frontal triangle with yellow pile; x:y=1.35; male: surstylus is elongated
(about 4 times longer than wide) (figure 7F); frons in female with broad
rectangular microtrichose maculae (figure 5B) ......ccocoeoieiiiieniniincieeeeeeee
....................................................... C. persicum sp. n. Vuji¢, Nedeljkovi¢ & Hayat
—  Frontal triangle with black pile; x:y=1.25; male: surstylus not so elon-
gated (about 3 times longer than wide) (figure 7D); frons in female with
not so broad rectangular microtrichose maculae (Figure SE).
........................................................................................... C. octomaculatum Curtis

Discussion

Arising from this study, eight Chrysotoxum species have been identified from northeast
Turkey, including three species new to science as well as three species new to the Turk-
ish fauna. Accordingly, the checklist of Chrysotoxum species for Turkey, including the
newly-described species from this study, now comprises 17 species, representing about
74% of the European Chrysotoxum species recorded in Speight, Castella, and Sarthou,
(2015).

The Mediterranean Basin is considered a biodiversity “hot-spot” (Myers et al.,
2000). The Mediterranean region in a broad sense (i.e. including Anatolia, Armenia, and
Hyrcania), together with the Far East, are the most species-rich areas in the Palaearctic,
with a highly endemic insect fauna (Oosterbroek, 1994). The most species-rich areas of
the Mediterranean are the Balkans and Anatolia (also known as Asia Minor or Asian
Turkey) (Oosterbroek, 1994). The main reason for such high diversity in Anatolia is its
topographic and climatic variability, as well as its geographic position as a “bridge”
between Asia, Africa and Europe (Ciplak, 2003).

Anatolia was an important refugium during the Quaternary ice ages, receiving popu-
lations via the Balkan Peninsula and the Caucasus Mountains (Ciplak, 2003), explaining
why elements of the Balkan hoverfly fauna occur in Anatolia. For example, Paragus
kopdagensis Hayat & Claussen, 1997 (described from Erzurum Province) has thus far
only been additionally recorded in Serbia and the Caucasus Mountains (Speight et al.,
2015; Radenkovi¢, 1999; Nedeljkovi¢, 2011). Additionally, in this study, two species of
the genus Chrysotoxum (C. montanum and C. orthostylum) described from the Balkan
Peninsula (Nedeljkovi¢ et al., 2015) have been reported for the first time in Turkey.
Sixteen species of Chrysotoxum have been recorded from the Balkan Peninsula to date
(Nedeljkovi¢ et al., in prep.). The Anatolian and Balkan Peninsulas differ somewhat in
their complement of Chrysotoxum species: C. parmense, C. antennalis sp. n., C.
clausseni sp. n. and C. persicum sp. n. have only been recorded on the Anatolian Penin-
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sula, whereas C. lineare (Zetterstedt) has only been recorded from the Balkan Peninsu-
la. C. lineare has a western distribution, whereas C. parmense is distributed in Southern
Europe, North Africa and the Middle East (Speight, 2015).

Our results confirm that as a high-mountain region (also known as Anti-Taurus), in-
tersected by valleys and plains (Saribiyik, 2014), Eastern Anatolia is a centre of specia-
tion in Turkey. With 67 hoverfly species, representing circa 21% of the total number of
hoverfly species recorded in Turkey (Saribiyik, 2014), Erzurum Province is one of the
most species-rich parts of Turkey. 22 hoverfly species, are only known from Erzurum,
including: Chrysotoxum vernale and Chrysotoxum gracile., Low numbers of hoverfly
species have been recorded from Azerbaijan and Armenia, but this is surely due to the
fact that the hoverfly fauna in both these countries has been poorly studied. More
faunistic and taxonomic work throughout the Middle East and European-Asian region is
necessary in order to ascertain the taxonomy of the genus Chrysotoxum, which still
needs a complete revision (Speight, 2015).
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