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ARTICLE INFO ABSTRACT

Keywords: The two Palaearctic members of the hoverfly genus Betasyrphus, B. serarius (Wiedemann, 1830) and B. nipponensis
Syrphini (Goot, 1964), closely resemble each other, except for their male genitalic characters. For this reason, these two
Betasyrphus species have been often mistaken for each other. In Korea, only B. serarius has been recognized as a sole species
DNA barcoding

based on mixed specimens from these two species. In the present study, we attempted to define B. serarius and
B. nipponensis more precisely and identify additional diagnostic characteristics to distinguish these species. We
examined external morphological characters including the genitalic structures, the wing microtrichia distribu-
tions (WMDs), as well as the wing interference patterns (WIPs). In addition, we analyzed the DNA barcode se-
quences of individuals, covering as many morphological variants as possible, to distinguish the females of these
two species. As a result, we found some additional diagnostic male genitalic and WMD characters. Unfortunately,
despite our efforts, females of these two species remain undistinguishable. DNA barcoding analysis did not reveal
any significant differences between B. serarius and B. nipponensis. Our analysis based on 20 Korean samples and
486 Syrphidae sequences retrieved from BOLD Systems (ver. 4) and GenBank showed that the nine available
Betasyrphus species including the type species formed a robust barcode cluster. Betasyrphus serarius and
B. nipponensis together with three unidentified species from Pakistan, Australia and Malaysia also formed a strong
sub-cluster. In addition, we provide an identification key, diagnoses, and descriptions with color photographs.

Male genitalia
Wing interference patterns
Wing microtrichia distributions

Introduction Russian Far East Syrphidae key, provided a couplet to distinguish them

based on the presence or absence of yellow hairs on the scutellum.

The hoverfly genus Betasyrphus Matsumura, 1917 (Diptera: Syrphi-
dae) currently includes 19 valid species from four zoogeographical re-
gions: 13 Afrotropical, two Palaearctic, six Oriental and one
Australasian (Catalogue of Life as of September 2021; https://www.cat
alogueoflife.org). Although the distributions of 18 species are each
limited to a single zoogeographical region, the type species B. serarius
(Wiedemann, 1830) is known to be widely distributed in the Palaearctic,
Oriental, Afrotropical, and Australasian regions.

There are two similar Betasyrphus species in the Palaearctic, namely
B. serarius (type locality: Macau, China) and B. nipponensis (Goot, 1964;
type locality: Shikoku, Japan). Ohara (1984) compared the holotype
male of B. nipponensis with Japanese specimens identified as B. serarius.
He concluded that these two species could only be distinguished by
examining their male genitalia. Therefore, the females could not be
discerned. On the other hand, Mutin and Barkalov (1999), in their
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In Korea, B. serarius has been the only reported Betasyrphus species,
as recorded by Matsumura and Adachi (1917). In the present study, the
examination of male genitalia revealed that approximately 10% of the
Korean males previously identified as B. serarius (about 200 specimens
of both species examined) actually belong to B. nipponensis. Except for
their differing male genitalic characters, these two species are not
distinguishable, even based on Mutin and Barkalov’s key (1999). Both
species are the only known Palaearctic Betasyrphus species so far, but
there is a problem about the identity of B. serarius; i.e., male genitalia of
B. nipponensis is known but from the original description it seems that
Wiedemann had only females for the B. serarius description. In other
words, based on currently available information, what is not clear is if
the name serarius applies to the taxon B. nipponensis or B. serarius sensu
Ohara (1984) (see Remarks of B. serarius for further discussion).

Here we provide diagnoses and descriptions of these two Palaearctic
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Betasyrphus species and discuss their variability, including male geni-
talic characters and wing microtrichia distributions (WMDs). We also
examined their wing interference patterns (WIPs) to acquire additional
characters for distinguishing these species. We conducted a DNA bar-
coding analysis based on 20 Korean Betasyrphus sequences as well as
other sequences from Betasyrphus and related syrphid species retrieved
from the Barcode of Life Data (BOLD) Systems (https://www.boldsy
stems.org; as of March 2022) and GenBank (https://www.ncbi.nlm.
nih.gov/genbank/; as of March 2022). Based on the morphological
and DNA barcoding analyses, we discuss the problems and solutions
relative to discriminating this cryptic species pair (B. serarius and
B. nipponensis).

Material and methods

The morphological terminology and interpretations mainly follows
Cumming and Wood (2017), but we also follows Dusek and Laska
(1976), Thompson (1999), and Vujic et al. (2008) for some genitalic and
wing terminology that were not described by Cumming and Wood. In
addition, two lengths and eleven ratios used in the descriptions were
modified from Han and Norrbom (2005): body length (anterior margin
of head excluding antenna to posterior margin of abdomen); wing length
(anterior margin of tegula to apex of vein R4,s); head ratio (head
length/head height); face-head ratio (widest width of face in anterior
view/width of head); eye ratio (shortest eye diameter/longest eye
diameter); gena-eye ratio (genal height/longest eye diameter); antenna-
head ratio (length of antenna/length of head); postpedicel-pedicel ratio
(length of postpedicel/length of pedicel); arista-antenna ratio (length of
arista/length of antenna excluding arista); wing ratio (wing length/wing
width); wing-thorax ratio (wing length/thorax length); vein M ratio
(distance along vein M between crossveins r-m and dm-cu/distance
between crossveins r-m and bm-cu); and vein R4.s ratio (distance
along vein R4,5 between crossvein r-m and vein R4,s5 apex/distance
between crossvein r-m and basal node of vein Ry, 5).

Molecular methods generally follows Han and Ro (2016; 2018). For
DNA barcoding analysis, 657 bp long fragments of the mitochondrial
COI gene (the DNA barcode region) were obtained from 20 Korean
Betasyrphus specimens. The collection and voucher data, BOLD Systems
process IDs (KBET001-22-020-22), and GenBank accession numbers
(OL333563-333582) are presented in Table 1. The voucher information,
photographs, and DNA barcode sequences of the analyzed Korean
Betasyrphus specimens are accessible through the public dataset “DS-
KORBET” (Dataset ID: dx.https://doi.org/10.5883/DS-KORBET) on the
BOLD Systems.

We also retrieved 486 publicly available sequences from BOLD Sys-
tems and GenBank (as of March 2022). The sequences were examined
and edited using BioEdit (version 7.1.9, 2012; Hall, 1999). Alignment
was not necessary for the COI barcode fragments because no indels were
found. Neighbor-joining (NJ) analysis (Saitou and Nei, 1987) was per-
formed in MEGA X (Kumar et al., 2018) using the Kimura 2-parameter
model of nucleotide substitution (Kimura, 1980). The reliability of
clustering patterns in the NJ tree was determined using a bootstrap test
(Felsenstein, 1985) with 3000 replications.

For the Korean males of B. serarius and B. nipponensis, a maximum
parsimony network was constructed with TCS 1.21 based on dafault
setting (Clement et al., 2002), implemented in the software package
PopART (version. 1.7, Leigh and Bryant, 2015). Such network allows the
identification of possible haplotype sharing between species as a
consequence of recent speciation or on-going hybridization process
(Raupach et al., 2020).

Consecutive digital images in different focal planes (usually 50 or
more shots per figure) were captured using a Fujifilm X-S1 camera
(Tokyo, Japan) equipped with a Raynox DCR-250 macro-conversion
lens. Photographs of the genitalia and the wing microtrichia distribu-
tions (WMDs) were obtained with a Nikon D90 camera (Tokyo, Japan)
mounted on an Olympus CX41 compound microscope (Tokyo, Japan).
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Table 1

Collection and voucher information of Korean Betasyrphus specimens sequenced
in this study. The voucher specimen numbers, BOLD Systems process IDs, and
GenBank accession numbers are indicated in parentheses after the locality data.

Betasyrphus serarius (Wiedemann, 1830)

138, Korea: Gangwon-do, Yeongwol-gun, Jundong-myeon, Heungwol-ri, Mt.
Taehwasan, N37°07'03.3"” E128°29'07.4", 30.VIL.2019, S.S. Euo, C.O. Kim, and J.H.
Choi (KNA), (voucher no.: YSUW200701016; BOLD ID: KBET001-22; GenBank acc.
no.: OL333563).

138, Korea: Gangwon-do, Wonju-si, Panbu-myeon, Seogok-ri, Mt. Baegunsan,
N37°14'59” E127°57'46", 19.VIIL.2007, H.S. Lee, and S.W. Suk (KNA), (voucher
no.: YSUW200701017; BOLD ID: KBET002-22; GenBank acc. no.: OL333564).

23, Korea: Gangwon-do, Jeongseon-gun, Nam-myeon, Yupyeong-ri, Mt. Mindungsan,
N37°16'10” E128°46'49”, 10.VIIL.2019, S.S. Euo, C.O. Kim, and J.H. Choi (KNA),
(voucher no.: YSUW200701018, 019; BOLD ID: KBET003-22, 004-22; GenBank acc.
no.: OL333565, OL333566).

138, Korea: Gangwon-do, Jeongseon-gun, Jeongseon-eup, Mt. Gariwangsan,
N37°27'40” E128°33'48", 27.1X.2011, S.W. Suk, and Y.B. Lee (KNA), (voucher no.:
YSUW200701020; BOLD ID: KBET005-22; GenBank acc. no.: OL333567).

Betasyrphus nipponensis (Goot, 1964)

18, Korea: Gangwon-do, Jeongseon-gun, Nam-myeon, Yupyeong-ri, Mt. Mindungsan,
N37°16'10” E128°46'49", 12.VI1.2018, S.S. Euo, C.O. Kim, and J.H. Choi, (voucher
no.: YSUW200701186; BOLD ID: KBET006-22; GenBank acc. no.: OL333568).

13, Korea: Gangwon-do, Hongcheon-gun, Nae-myeon, Gwangwon-ri, Woldoon-gol,
N37°50'52" E128°25'24", 16.V1.2018, S.S. Euo, C.O. Kim, and J.H. Choi, (voucher
no.: YSUW200701187; BOLD ID: KBET007-22; GenBank acc. no.: OL333569).

13, Korea: Gangwon-do, Hongcheon-gun, Nae-myeon, Bangnae-ri, N37°51'11"
E128°16'52", 13.X.2018, S.S. Euo, C.0. Kim, and J.H. Choi, (voucher no.:
YSUW200701188; BOLD ID: KBET008-22; GenBank acc. no.: OL333570).

13, Korea: Gangwon-do, Jeongseon-gun, Nam-myeon, Yupyeong-ri, Mt. Mindungsan,
N37°16’10" E128°46'49”, 13.V.2017, S.S. Euo et al., (voucher no.:
YSUW200701189; BOLD ID: KBET009-22; GenBank acc. no.: OL333571).

18, Korea: Gyeonggi-do, Gwangju-si, Docheok-myeon, Sangnim-ri, Mt. Taehwasan,
N37°18'44” E127°18'36”, 10.VIL.2017, H.Y. Han et al., (voucher no.:
YSUW200701190; BOLD ID: KBET010-22; GenBank acc. no.: OL333572).

Betasyrphus sp. (B. serarius or B. nipponensis)

19Q, Korea: Chungcheongbuk-do, Yeongdong-gun, Sangchon-myeon, Goja-ri, Mt.
Sambongsan, N36°05'33.0” E127°50'08.7”, 25.V1.2019, S.S. Euo, C.O. Kim, and J.
H. Choi, (voucher no.: YSUW200701191; BOLD ID: KBET011-22; GenBank acc. no.:
OL333573).

1@, Korea: Gangwon-do, Wonju-si, Panbu-myeon, Seogok-ri, Mt. Baegunsan,
N37°14'59" E127°57'46", 23.V1.2017, C.O. Kim, and J.H. Choi, (voucher no.:
YSUW200701192; BOLD ID: KBET012-22; GenBank acc. no.: OL333574).

4Q, Korea: Gangwon-do, Jeongseon-gun, Nam-myeon, Yupyeong-ri, Mt. Mindungsan,
N37°16'10” E128°46'49", 12.VI1.2018, S.S. Euo, C.0. Kim, and J.H. Choi, (voucher
no.: YSUW200701193, 194, 195, 196; BOLD ID: KBET013-22, 014-22, 015-22, 016-
22; GenBank acc. no.: OL333575, OL333576, OL333577, OL333578).

19, Korea: Gangwon-do, Wonju-si, Heungeop-myeon, Maeji-ri, Yonsei Univ. Mirae
Campus, N37°17'10” E127°54'01”, 10.X.2018, S.S. Euo, (voucher no.:
YSUW200701197; BOLD ID: KBET017-22; GenBank acc. no.: OL333579).

3@, Korea: Gangwon-do, Hongcheon-gun, Nae-myeon, Bangnae-ri, N37°51'11”
E128°16'52", 13.X.2018, S.S. Euo, C.0. Kim, and J.H. Choi, (voucher no.:
YSUW200701198, 199, 200; BOLD ID: KBET018-22, 019-22, 020-22; GenBank acc.
no.: OL333580, OL333581, OL333582).

The images were stacked using Helicon Focus software® (version 7.7.4,
Helicon Soft, Ltd., Kharkiv, Ukraine).

WIP images were obtained according to the methods of Shevtsova
et al. (2011) and Hosseini et al. (2019). Because of the large size of
Betasyrphus wings, we took five separate images for each wing and
stitched them together using Adobe Photoshop® (version 22.5, Adobe
Systems Inc., San José, CA, USA). The method for preparing wings can
be summarized as follows: (1) each dissected wing was soaked in 95%
ethanol for approximately 12 h to remove foreign substances contami-
nating the wings; (2) each soaked wing was placed on a slide glass, and
carefully covered with a cover glass to keep it flat; (3) after approxi-
mately 3 h of drying, each slide was carefully placed horizontally against
a dark background, which consisted of black square box with a slide
holder; (4) photographs were taken using a Fuji X-S1 camera with the
setting described above with the only addition of a LED illumination
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ring; (5) each wing was tilted by approximately 5° in the four directions,
and pictures were captured upon observation of interference colora-
tions; (6) image stacking was performed as described above; and (7)
each WIP picture was completed after stitching five independently
stacked photographs.

Most of the examined specimens are deposited in the Division of
Biological Science and Technology, Yonsei University, Mirae Campus,
Korea (YSUW). Some specimens are deposited in the National Institute
of Biological Resources, Incheon, Korea (NIBR), and others in the Korea
National Arboretum, Pocheon, Korea (KNA) as well. Abbreviations of
the other institutions mentioned in the text are as follows: ZMUC:
Zoological Museum, University of Copenhagen, Universitetparken 15,
2100 Copenhagen, Denmark; NMW: Naturhistorisches Museum Wien,
Postfach 417, Burgring 7, 1010 Vienna, Austria; and EUMJ: Entomo-
logical Laboratory, Faculty of Agriculture, Ehime University, Tarumi 3-
5-7 Matsuyama, Japan.

Genus Betasyrphus Matsumura, 1917

Betasyrphus Matsumura in Matsumura and Adachi, 1917: 143 (Type-
species: Syrphus serarius Wiedemann, 1830); Vockeroth, 1969: 41 (in
Syrphini generic revision); Ghorpadé, 1994: 4 (in Indian Syrphini key
including five Oriental Betasyrphus species); Thompson and Rotheray,
1998: 102 (in Palaearctic syrphid generic key); Rotheray and Gilbert,
1999: 12 (in phylogenetic discussion based on immature morphology);
Young et al., 2016: 8 (in Syrphidae molecular phylogenetic analysis);
Mengual et al., 2018: 160 (in Syrphini molecular phylogenetic analysis).

Diagnosis. The members of the genus Betasyrphus can be distin-
guished from other syrphid taxa based on the combination of the
following characteristics [extracted and modified from Matsumura and
Adachi (1917), Vockeroth (1969), and Ssymank (2010)]: (1) anterior
anepisternum bare; (2) lower lobe of the calypter with a few hairs on
dorsal surface; (3) 3 narrow transverse yellowish bands on abdominal
tergites 2-4 extend to lateral margins, with each band partially dusted
with yellowish white to greyish pruniosity. Male genitalia: (4) surstylus
relatively long (at least as long as epandrial height); (5) in lateral view,
superior lobe rather long and upright without any teeth; and (6)
aedeagal basiphallus broad with two pairs of long and pointed latero-
ventral appendages (Fig. 9E, J; baso- and apico-ventral processes).

Monophyly of Betasyrphus. Although this genus seems to be a
morphologically cohesive taxon, we were unable to identify any generic
characteristics unique to them. Nevertheless, our DNA barcoding anal-
ysis showed that all nine available Betasyrphus species including the type
species were strongly clustered (see “DNA barcoding of Betasyrphus and
the related taxa™).

Distribution. Palaearctic, Afrotropical, Oriental, Australasian regions.

Biology. To date, aphidophagous habits have been observed in four
Betasyrphus species: B. adligatus (Wiedemann, 1824), B. isaaci (Bhatia,
1933), B. nipponensis, and B. serarius. A total of 42 species of the
following 23 aphid genera are recognized as their preys: Aphis Linnaeus,
1758; Aulacorthum Mordvilko, 1914; Brachycaudus Goot, 1913; Brevi-
coryne Goot, 1915; Capitophorus Goot, 1913; Hayhurstia Guercio, 1917;
Hyadaphis Kirkaldy, 1904; Hyalopterus Koch, 1854; Hyperomyzus Borner,
1933; Lachnus Burmeister, 1835; Lipaphis Mordvilko, 1928; Macro-
siphoniella Guercio, 1911; Macrosiphum Passerini, 1860; Megoura Buck-
ton, 1876; Melanaphis Goot, 1917; Myzus Passerini, 1860; Neophyllaphis
Takahashi, 1920; Ovatus Goot, 1913; Periphyllus Hoeven, 1863; Phor-
odon Passerini, 1860; Rhopalosiphum Koch, 1854; Sitobion Mordvilko,
1914; and Uroleucon Mordvilko, 1914 (Brunetti, 1923; Bhatia and Shaffi,
1933; Ninomiya, 1956; Ninomiya, 1957b; Minamikawa and Fukuhara,
1964; Thompson and Simmonds, 1965; Okuno, 1967; Ghosh, 1974;
Raychaudhuri et al., 1978; Ghorpadé, 1981; Agarwala et al., 1987;
Radhakrishnan and Muraleedharan, 1993; Bijaya et al., 1996; Sivova,
2003; Chaudhary and Singh, 2012; Kumari, 2020). There also are re-
cords as unidentified aphids on Prunus mume (Siebold) Siebold and Zucc.
(family Rosaceae), Prunus salicina Lindl.,, Magmolia sp. (family
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Manoliaceae), Rubus sp. (family Rosaceae), and Mustard plant (Bhatia
and Shaffi, 1933; Okuno, 1967; Rai, 1976; Ghorpadé, 1981).

Key to the species of the genus Betasyrphus in the Palaearctic region

1. Eyes dichoptic (Fig. 4I-P).......... Betasyrphus serarius or B. nipponensis
(female)
— Eyes holoptic (Fig. 4A—H).....ccceevrereneniiincnenienieeneneereeeennen (male) 2

2. Apical 1/3 of wing cell br anterior to spurious vein predominantly
microtrichose (bare portion no more than half within this region;
Fig. 6A, B); male genitalia with surstylus relatively wide in caudal
view (middle width about 1/3 of length when oriented to show
broadest area; Fig. 9B)......ccccuervueerieernienneesieeeneens B. serarius

— Apical 1/3 of wing cell br anterior to spurious vein almost bare
(Fig. 6C, D); male genitalia with surstylus relatively narrow in caudal
view (middle width about 1/8 of length; Fig. 9G)......cccceervueneen.
....................... B. nipponensis

Betasyrphus serarius (Wiedemann, 1830) (Figs. 1, 3, 4-7, 9, 10)

Syrphus serarius Wiedemann, 1830: 128 (type-locality: China,
Macau); Denner, 2017: 79 (syntypes 12, NMW; 29, ZMUCQ); Schiner,
1868: 352 (in Sri Lanka syrphid collection list); Coquillett, 1898: 321
(Japanese specimens); Meijere, 1908: 296 (redescription of Sri Lankan
specimens); Brunetti, 1923: 73 (India, Pakistan and Nepal distribution
with redescription); Shiraki, 1930: 360 (East Asian distribution with
redescription); Bhatia and Shaffi, 1933: 559 (morphology and biology of
immature stages — India); Hull, 1936: 195 (in Australian checklist); Doi,
1938: 10 (in Korean checklist); Shiraki and Edashige, 1953: 102 (Jap-
anese and Korean records); Ninomiya, 1956: 225 (prey and host plant
records); Ninomiya, 1957a: 124 (immature biology); Ninomiya, 1957b:
189 (immature biology); Ninomiya, 1962: 24 (hymenopterous parasites
list); Coe, 1964: 261 (in eastern Nepal checklist); Doesburg, 1966: 63 (in
New Guinea and Australian checklist); Okuno, 1967: 125 (in Japanese
aphidophagous syrphid third instar larval key); ZSK, 1968: 178 (in
Korean checklist); Kim et al., 1971: 848 (Korean distribution); Kim,
1972: 42 (in Korean checklist); Kim, 1975: 40 (in Korean checklist).

Srpphus serarius [misspelling of Syrphus]: Ninomiya, 1959: 23
(description of immature stages).

Metasyrphus serarius [misidentification of B. keiseri Ssymank (2010)]:
Keiser, 1971: 228 (new Madagascar record).

Betasyrphus serarius: Matsumura and Adachi, 1917: 144 (description
of Japanese specimens); Hippa, 1968: 48 (redescription); Vockeroth,
1969: 69 (redescription and distribution); Yano et al., 1979: 16 (biology
of immature stages in Japan); Smith and Vockeroth, 1980: 490 (in
Afrotropical Syrphidae list); Ghorpadé, 1981: 68 (prey and host plants
lists in India and neighboring countries); Agarwala et al., 1987: 20 (prey
records in North East India); Agarwala et al., 1989: 268 (prey and host
plant record, and biology in India); Peck, 1988: 13 (in Palaearctic cat-
alog); Radhakrishnan and Muraleedharan, 1993: 175 (prey record in
Southern India); ESK and KSAE, 1994: 288 (in Korean checklist); Bijaya
et al., 1996: 114 (prey record in India); Dirickx, 1998: 23 (in Afro-
tropical catalog); Mutin and Barkalov, 1999: 376 (in Russian Far East
Syrphidae key); Han and Choi, 2001: 21 (in Korean catalog); Whit-
tington, 2003: 588 (in Afrotropical checklist); Huo et al., 2007: 108 (in
identification manual of Syrphidae in Mt. Qinling-Bashan, China); Paek
et al., 2010: 229 (in Korean checklist); Han, 2012: 304 (in Korean
illustrated handbook); Huang and Cheng, 2012: 157 (redescription in
Chinese catalog); Han et al., 2014: 38 (in Korean catalog); Ohara et al.,
2014: 466 (in Japanese catalog); Choi et al., 2018: 50 (in Korean cata-
log); NIBR, 2019: 450 (in Korean catalog); Kumari, 2020: 572 (prey
record in India); Ichige and Sakai, 2020: 51 (in Tsushima Island and
Nagasaki record); Robertson et al., 2020: 567 (in list of flower visitors —
Ozothamnus diosmifolius (Asteraceae), Bidens pilosa (Asteraceae) in
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3 mm (A, B)
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Fig. 1. Betasyrphus serarius males. (A, B) Body, dorsal and lateral view. (C-F) Abdomen, dorsal (C, D) and ventral view (E, F), showing a range of variation. Voucher
specimen codes: A, B - BetSer M2; C - BetSer_M5; D - BetSer M9; E - BetSer_ M3; F - BetSer_M4.

Australia); Huo, 2020: 139 (in Chinese catalog).

Diagnosis. Palaearctic B. serarius and B. nipponensis are closely related
species showing almost identical appearance. They can be together
distinguished from the remaining Betasyrphus species by the combina-
tion of the following characteristics: (1) compound eye densely covered
with tiny yellowish hairs (Fig. 4); (2) postpedicel about twice as long as
pedicel and scape together (Fig. 4); (3) arista dark brown to brownish
black (Fig. 4); (4) face covered with black and brownish yellow hairs
mixed (more black hairs in males — Fig. 4A-D, but variably mixed in
females — Fig. 4I-L); (5) black facial stripe not reaching antennal base
(Fig. 4A-D, I-L); (6) scutellum covered with variably mixed black and
brownish yellow hairs (Fig. 5); (7) femora basally brownish black, and
apically brown to dark brown (Fig. 1B); (8) pterostigma brownish yel-
low, basally with narrow inwardly slanted (about 45° angle) dark brown
vitta (Fig. 6A, C); (9) halter brownish yellow to dark brown (Fig. 1A, C,
D); (10) abdomen brownish black with 3 light grey to brownish yellow
transverse bands on tergites 2-4, with each band reaching lateral mar-
gins and often interrupted in middle (Fig. 1A, C, D); and (11) surstyli
more or less symmetrical (Fig. 9B, G).

Ohara (1984) initially distinguished B. serarius from B. nipponensis
only based on its male genitalic characters. In the present study, we
found one additional non-genitalic male character supporting such dis-
tinctions. However, both Ohara (1984) and our study failed to distin-
guish between females of these two species (see “Wing microtrichia
distributions (WMDs)” and “DNA barcoding of Betasyrphus and the
related taxa” for further details). Betasyrphus serarius males can be
distinguished from B. nipponensis as follows: (1) apical 1/3 of cell br
anterior to spurious vein predominantly microtrichose (bare portion no
more than half within this region) vs. almost bare except for marginal
area (Fig. 6A, B vs. C, D); (2) surstylus relatively wide in caudal view

(middle width about 1/3 of length when oriented to show broadest area)
vs. narrow (middle width about 1/8 of length) (Fig. 9B vs. G); (3) in
lateral view, surstylar apodeme strongly concave (almost U-shape) vs.
slightly concave (Fig. 9A vs. F); (4) in ventral view, surstylar apodeme
about as long as wide vs. at least 1.5x longer than wide (Fig. 9D vs. I); (5)
lateral protuberance of hypandrium about as long as lingula vs.
distinctly longer than lingula (Fig. 9C vs. H); (6) in lateral view, dis-
tiphallus relatively long, about 9x as long as middle width vs. relatively
short, about 7x as long as middle width (Fig. 9E vs. J); (7) in lateral view,
two ventral processes of basiphallus convergent but not touching each
other vs. more or less parallel (Fig. 9E vs. J); and (8) in lateral view,
apico-ventral process relatively long vs. relatively short (appears asso-
ciated with distiphallus length; Fig. 9E vs. J).

Mutin and Barkalov (1999), in their Russian Far East Syrphidae key,
provided a couplet that distinguished B. serarius from B. nipponensis
based on the presence or absence of yellow hairs on the scutellum.
However, we found that this character is highly variable in the two
species (Fig. 5), and thus should not be used as such. Ichige and Noshita
(2008) and Takeuchi (2017) reached the same conclusion after exam-
ining Japanese specimens. In fact, the brownish yellow haired area of
B. serarius males tended to be smaller than that of B. nipponensis males
(Fig. 5A, B vs. C, D), but the variation is continuous and overlapped
between the two species. The only conclusion from the analysis of this
character is that males displaying a brownish yellow haired area larger
than as depicted in Fig. 5B can be safely regarded as B. nipponensis (about
30% of B. nipponensis males but none of B. serarius males). This rule may
be helpful in initially sorting out at least 30% of B. nipponensis males.
This character is even more variable in females (Fig. 5SE-H), we can only
speculate that females with a brownish yellow haired area larger than
those depicted in Fig. 5G and H (about 10% of all females) are more
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Fig. 2. Betasyrphus nipponensis males. (A, B) Body, dorsal and lateral view. (C-F) Abdomen, dorsal (C, D) and ventral view (E, F), showing a range of variation.
Voucher specimen codes: A, B - BetNip_M2; C - BetNip_M10; D - BetNip_M7; E - BetNip_M6; F - BetNip_M4.

likely to belong to B. nipponensis.

Description of Korean material. Male. Predominantly blackish with 3
light grey to brownish yellow transverse bands on abdomen. Length and
ratios: body length 8.90-12.00 mm; wing length 7.13-9.87 mm; head
ratio 0.66-0.76; face ratio 0.43-0.45; eye ratio 0.47-0.54; gena-eye
ratio 0.03-0.05; antenna-head ratio 0.46-0.52; postpedicel-pedicel
ratio 3.50-4.60; arista-antenna ratio 0.81-0.90; wing ratio 3.29-3.34;
wing-thorax ratio 2.22-2.37; vein M ratio 2.37-2.92; vein R4,s5 ratio
3.27-3.53. Head (Fig. 4A, B, E, F) holoptic with eye contiguity about as
long as vertical triangle; compound eye dark brown with slight purplish
tinge, densely covered with relatively long yellowish hairs; vertex
brownish black with black hairs; ocellar triangle brownish black with
black hairs; occiput brownish black ground color with pale yellow to
yellowish white pruinosity (pruinosity stronger in lower area),
marginally covered with long erect orange to pale yellow hairs, shorter
black hairs mixed in upper half (Fig. 1B); frons brownish black with
black hairs, about posterior 1/3 dusted with yellow to pale yellow
pruinosity (Fig. 4E, F); lunule bare, brownish black with brown medio-
ventral and latero-ventral margins (Fig. 4A, B); antenna almost entirely
brownish black (Fig. 4A, B, E, F); scape brownish black with short and
stout black hairs on apical margin; pedicel brownish black with short
and stout black hairs on apical margin; postpedicel almost entirely
brownish black with ventro-basal brownish area (some specimens
entirely brownish black); arista dark brown to brownish black, but often
with brighter basal margin; face brownish yellow ground color, largely
with black hairs mixed with brownish yellow hairs around the mouth
and near the eyes (Fig. 4A, B); face with pale yellow to pale grey
pruinosity (Fig. 4A, B); black longitudinal facial stripe from lower facial
margin to about 2/3 position toward antennal sockets, about 0.3x as

wide as facial width, with rounded knob in middle, and almost bare
(Fig. 1B, Fig. 4A, B); gena narrow, brownish black with moderate
yellowish white pruinosity, with pale yellow hairs (black hairs sparse
mixed in a few specimens). Thorax largely black ground color with
bluish tinge and greyish pruinosity, with long wavy brownish yellow
hairs (Fig. 1A, B): postpronotal lobe black, bare; notopleuron shiny black
with wavy brownish yellow hairs (Fig. 1A, B); scutum subshiny black
with 2 pairs of wide longitudinal greyish pruinose bands (Fig, 1A; can be
observed under appropriate lighting — Ssymank, 2010), median bands
interrupted widely in middle; scutum mostly covered with wavy
brownish yellow hairs but laterally mixed with some wavy black hairs;
postalar callus shiny brownish black with wavy yellowish brown hairs
but anteriorly mixed with some black hairs in most specimens; scutellum
largely brownish yellow but baso-ventral corners narrowly brownish
black (Fig. 5A, B); scutellum largely covered with wavy black hairs, but
basal margin variably mixed with wavy brownish yellow hairs (Fig. 5A,
B); proepimeron shiny black with pale yellow pruinosity, sparsely
covered with short pale yellow hairs; anterior anepisternum black with
pale yellow pruinosity, bare; posterior anepisternum black with pale
yellow pruinosity, anterior 1/5 bare and posterior 4/5 covered with
wavy pale yellow hairs (postero-dorsally mixed with wavy brownish
hairs in some specimens); katepisternum black with upper and lower
wavy brownish yellow hair patches; anterior anepimeron black with
pale yellow pruinosity, covered with wavy pale yellow hairs (some
specimens wavy brownish hairs mixed dorsally); dorsomedial and pos-
terior anepimeron black with pale yellow pruinosity, bare; katepimeron
subshiny black with pale yellow pruinosity, covered with wavy pale
yellow hairs; meron subshiny black, dorsally slightly dusted with pale
yellow pruinosity, bare; katatergite shiny black with pale yellow
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Fig. 3. Betasyrphus serarius or B. nipponensis females. (A, B) Body, dorsal and lateral view. (C-F) Abdomen, dorsal (C, D) and ventral view (E, F), showing a range of
variation Voucher specimen codes: A, B -BetSp_F13; C - BetSp_F14; D - BetSp_F6; E - BetSp_F3; F - BetSp_F6.

pruinosity, densely covered with short pale yellow hairs; anatergite
shiny black, bare; metasternum brownish black, bare; halter with stem
brownish yellow to dark brown, knob variably mixed with light and dark
brown coloration (Fig. 1A, C, D). Wing (Fig. 1A, B, Fig. 6A, B) largely
hyaline with slight brownish tinge; veins yellowish brown to dark
brown; tegula brownish black with short black hairs; basicosta brownish
black, mostly with short brownish yellow hairs except short black hairs
on baso-ventral side; vein C almost entirely covered with short black
hairs except short brownish yellow hairs mixed on baso-ventral margin;
pterostigma brownish yellow, basally with narrow 45° inwardly slanted
dark brown longitudinal vitta (Fig. 6A); cell sc before pterostigma
largely brownish yellow with about apical 1/8 hyaline; some areas basal
to anterior branch of media and alular incision brownish yellow; distinct
spurious vein shortly interrupted at about basal 1/3, with distinct knob
at base of apical vein right after interruption; wing membrane largely
covered with microtrichiae with basal bare areas as in Fig. 6B with some
variation; apical 1/3 of cell br anterior to spurious vein predominantly
microtrichose (bare portion no more than half within this region —
Fig. 6B); upper and lower calypters pale yellow with darker margin,
covered with long pale yellow to brownish marginal hairs; lower
calypter with short sparse dorsal hairs. Legs: coxae and trochanters
brownish black, with fore and mid coxae, and mid and hind trochanters
mainly with black hairs mixed with some yellowish brown hairs; hind
coxa and fore trochanter mainly with yellowish brown hairs mixed with
some black hairs; femora basally brownish black and apically brown to
dark brown; fore and mid femora postero-basally with long wavy
brownish yellow hairs, postero-apically with shorter wavy black hairs
(wave getting weaker towards apex); hind femora antero-basally with
long wavy brownish yellow and black hairs mixed; tibiae brown with
short black hairs; tarsomeres brownish black with fore and mid

tarsomeres entirely covered with short black hairs, with hind tarsomere
covered with short black hairs dorsally and short brownish yellow hairs
ventrally. Abdominal tergites (Fig. 1A, C, D) brownish black with wavy
brownish yellow and black hairs (wave getting weaker towards apex); 3
light grey to brownish yellow transverse bands on tergites 2-4, with
each band partially dusted with yellowish white pruinosity, reaching
lateral margins, often interrupted in middle; tergite 1 subshiny with
brownish yellow hairs; tergites 2-4 each with brownish yellow hairs
anteriorly, black hairs posteriorly; tergite 5 brownish black with pair of
antero-lateral yellowish grey pruinose specks, largely with black hairs
but laterally mixed with few yellowish brown hairs; sternites 1-8
brownish black to dark brown ground color with 1-4 with pale yellowish
pruinosity in various intensity (Fig. 1E vs. F show rough range of vari-
ation); sternite 1 with wavy pale yellow hairs; sternite 2 largely with
pale yellow hairs, sometimes mixed sparsely with shorter black hairs;
sternites 3—4 largely with short black hairs mixed sparsely with longer
(at least 2x) pale yellow hairs; sternites 5-7 largely with black hairs;
sternite 8 largely with brownish yellow hairs. Male genitalia (Fig. 9A-E):
epandrium about as long as high in lateral view, densely with tiny hairs;
cerci short, slightly seen in lateral view (Fig. 9A), narrow kidney shape
in caudal view (Fig. 9B), with long brownish yellow hairs; surstylus
relatively wide in caudal view (middle width about 1/3 of length when
oriented to show broadest area), slightly curved anteriorly with rounded
apex in lateral view, basally covered with long brownish yellow hairs,
apically with short hairs; surstylar apodeme about as long as wide in
ventral view (Fig. 9D); hypandrium (Fig. 9A, C) with finger-shaped
lingula with pointed apex in lateral view, lateral protuberance about
as long as lingula; superior lobe twice as high as long, sparsely covered
with short brownish yellow hairs laterally, with strong upward hook
subapically (Fig. 9B, C); distiphallus laterally flattened, down-curved
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Fig. 4. Heads, frontal view and dorsal view, showing a range of variation. (A, B, E, F) Betasyrphus serarius males. (C, D, G, H) B. nipponensis males. (I-P) B. serarius or
B. nipponensis females. Voucher specimen codes: A, E - BetSer M2; B, F - Bet Ser M3; C, G - BetNip_M1; D, H - BetNip_M11; I, M - BetSp_F13; J, N - BetSp_F15; K, O -

BetSp_F2; L, P - BetSp_F8.

with apical 1/3 gradually pointed, about 9x as long as middle width in
lateral view (Fig. 9E); 2 ventral processes of basiphallus convergent but
not touching each other in lateral view, apico-ventral process about half
aslongasdistiphallus; aedeagal apodeme with basal half ventrally
swollen; sperm duct about 2/3 as long as aedeagal apodeme; ejacu-
alatory apodeme rod-shape, about 1/3 as long as aedeagal apodeme.
Female. Since we were not able to distinguish females of B. serarius
and B. nipponensis, the following female characteristics are presumably
those of both species different from males. Length and ratios: body
length 9.20-11.70 mm; wing length 7.67-9.47 mm; head ratio
0.67-0.71; face ratio 0.42-0.45; eye ratio 0.49-0.55; gena-eye ratio
0.01-0.03; antenna-head ratio 0.58-0.62; postpedicel-pedicel ratio
4.67-5.67; arista-antenna ratio 0.77-0.83; wing ratio 2.67-3.38; wing-
thorax ratio 2.33-2.82; vein M ratio 2.33-2.82; vein R4,s ratio
3.06-3.50. Head (Fig. 41-P) dichoptic with vertex about 0.15x as wide as
head in dorsal view; frons brownish black in ground color with black
hairs, variably dusted with yellow to pale yellow pruinosity except for
semicircular area posterior to lunule and about 1/3 area anterior to
ocellar triangle; face brownish yellow ground color with black and bare
longitudinal stripe from facial margin (about 0.14-0.29x as wide as
facial width), brownish yellow area slightly to heavily covered with pale
yellow to pale grey pruinosity, covered also with variably mixed black
and brownish yellow to pale yellow hairs. Thorax: scutellum covered

with variably mixed wavy black and brownish yellow hairs (Fig. 5SE-H).
Wing (Fig. 7): wing largely covered with microtrichiae with wider and
more variable basal bare areas than those of males; cell br largely bare.
Abdomen: abdominal bands often slightly thicker than those of males
(Fig. 3A, C, D); sternite 5 sometimes with pruinose area along anterior
and lateral margin (Fig. 3F). Female postabdomen (Fig. 10) largely
microtrichose; tergites 6 and 7, and sternites 6 and 7 sparsely with short
black hairs apically; tergite 8 sparsely covered with short black hairs on
posterior 1/2-1/4, anteriorly with 3 apically peaked brownish sclerite
(large middle one plus short lateral ones) plus more or less translucent
posterior membranous area (Fig. 10B); epiproct with pair of sclerotized
plates; cercus short, brown, covered with short brownish hairs; sternite 8
covered with short black hairs except for basal 1/5-2/5 area, more or
less rectangular shape with anterior 2/3 sclerotized and posteriorly
membraneous; sternite 9 shallowly triangular, with short and stout hairs
(Fig. 10D).

Material examined (males only). Korea: Majority of the following
specimens are deposited in YSUW, other depositories indicated in pa-
rentheses. Chungcheongbuk-do: 1038, Jecheon-si, Songhak-myeon, Mt.
Songhaksan, N37°12'29” E128°16'7”, 3.1X.2017, S.S. Euo, C.O. Kim, and
J.H. Choi (NIBR); 33, Yeongdon-gun, Sangchon-myeon, Goja-ri, Mt.
Sambongsan, N36°05'33.0” E127°50'08.7", 25.V1.2019, S.S. Euo, C.O.
Kim, and J.H. Choi; Gangwon-do: 53, Hongcheon-gun, Nae-myeon,
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Fig. 5. Scutella in dorso-lateral view, showing a range of variation. (A, B) Betasyrphus serarius males. (C, D) B. nipponensis males. (E-H) B. serarius or B. nipponensis
females. The simplified diagrams below each photograph show the distribution of brownish yellow hairs (red areas). Voucher specimen codes: A - BetSer M3; B -
BetSer_M1; C - BetNip_M10; D - BetNip_M9; E - BetSp_F8; F - BetSp_F14; G - BetSp_F2; H - BetSp_F4. (For interpretation of the references to color in this figure legend,

the reader is referred to the web version of this article.)

Bangnae-ri, N37°51'11” E128°16/'52", 29.1X.2017, S.S. Euo, C.O. Kim,
and J.H. Choi (NIBR); 24, ditto, 13.X.2018, S.S. Euo, C.O. Kim, and J.H.
Choi; 18, Hongcheon-gun, Nae-myeon, Gwangwon-ri, Woldoon-gol,
N37°50'52” E128°25'24", 26.VI.2018, S.S. Euo, C.O. Kim, and J.H.
Choi; 58, Hongcheon-gun, Nae-myeon, Mt. Gyebangsan, N37°43'41”
E128°27'55”, 18.VIIL.2020, S.S. Euo, and C.O. Kim (NIBR); 14,
Jeongseon-gun, Gohan-eup, Mt. Hambaeksan, Manhang-jae, N37°8'53"
E128°54'14", 23.1X.2017, S.S. Euo, C.O. Kim, and J.H. Choi (NIBR); 24,
ditto, 2.VIIL.2017, C.O. Kim, W.R. Ha, and J.H. Choi (NIBR); 1g,
Jeongseon-gun, Jeongseon-eup, Mt. Gariwangsan, N37°27'40"
E128°33'48", 27.1X.2011, S.W. Suk, and Y.B. Lee (KNA); 23, Jeongseon-
gun, Nam-myeon, Yupyeong-ri, Mt. Mindungsan, N37°1610”
E128°46'49”,10.VIIL.2019, S.S. Euo, C.O. Kim, and J.H. Choi (KNA); 58,
ditto, 12.VIL.2018, S.S. Euo, C.O. Kim, and J.H. Choi; 18, Samcheok-si,
Geunsan-dong, Mt. Geunsan, N37°24'48” E129°08'29", 6.V.2017, S.S.
Euo et al.; 28, ditto, 13.V.2020, S.S. Euo, C.O. Kim, and J.H. Choi; 13,
Wonju-si, Heungeop-myeon, Maeji-ri, Yonsei Univ. Mirae Campus,
N37°17'10” E127°54'01"”, 7.X.2016, S.S. Euo, and C.O Kim; 58, ditto,
28.1X.2017, S.S. Euo, C.O. Kim, and J.H. Choi (NIBR); 58, ditto, 1.
X.2017, S.S. Euo, C.O. Kim, and J.H. Choi (NIBR); 58, ditto, 13.1X.2018,

S.S. Euo, C.0. Kim, and J.H. Choi (NIBR); 13, ditto, 17.1X.2018, S.S. Euo;
18, ditto, 28.1X.2018, S.S. Euo, C.O. Kim, and J.H. Choi; 18, ditto, 26.
V.2018, S.S. Euo, C.O. Kim, and J.H. Choi; 14, ditto, 10.X.2018, S.S.
Euo; 13, Wonju-si, Panbu-myeon, Seogok-ri, Mt. Baegunsan,
N37°14/59" E127°57'46", 19.VIIL.2007, H.S. Lee, and S.W. Suk (KNA);
148 (58 in NIBR), 1.IX.2017, S.S. Euo, C.O. Kim, and J.H. Choi; 43,
ditto, 23.V1.2017, C.O. Kim, and J.H Choi; 58, ditto, 27.V1.2017, S.S.
Euo, C.O. Kim, and J.H. Choi (NIBR); 438, Yeongwol-gun, Jundong-
myeon, Hwawon-ri, N37°09'40.1” E128°38'11.2", 12.X.2018, S.S. Euo,
C.O. Kim, and J.H. Choi; 18, Yeongwol-gun, Jundong-myeon,
Heungwol-ri, Mt. Taehwasan, N37°07'03.3” E128°29'07.4”, 30.
VIL.2019, S.S. Euo, C.O. Kim, and J.H. Choi (KNA); 33, ditto, 2.VII.2020,
S.S. Euo, C.O. Kim, and J.H. Choi (NIBR); Gyeongsangnam-do: 53,
Hamyang-gun, Hamyang-eup, Jungnim-ri, Mt. Sambongsan,
N35°26/50” E127°40'10”, 16.VIL.2020, S.S. Euo, C.O. Kim, and J.H. Choi
(NIBR); Jeju-do: 243 (58 in NIBR), Jeju-si, Aewol-eup, Bongserong-ri,
Handae Oreum, N33°21'23"” E126°25'29”, 19.V1.2017, H.Y. Han, K.E.
Ro, and S.S. Euo; 58, ditto, 13.V1.2018, H.Y. Han, K.E. Ro, and S.S. Euo
(NIBR); Jeollanam-do: 58, Gwangyang-si, Ongnyong-myeon, from
Baegunsa Temple to Mt. Baegunsan, N35°6'23” E127°37'17", 8.1X.2017,
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Fig. 6. Wings and wing microtrichia distribution (WMD) diagrams of Betasyrphus males. (A, B) B. serarius male. (C, D) B. nipponensis male. Voucher specimen codes:
A, B - BetSer M7; C, D - BetNip_M2.

Fig. 7. Wing microtrichia distribution (WMD) diagrams of Betasyrphus serarius or B. nipponensis females, showing a range of variation. Voucher specimen codes: A -
BetSp_F1; B - BetSp_F11; C - BetSp_F8; D - BetSp_F6; E - BetSp_F4; F - BetSp_F2.

S.S. Euo, C.O. Kim, and J.H. Choi (NIBR); 78 (58 in NIBR), ditto, 27. Sanghwangbong, N34°20'02"” E126°40'19”, 28.V.2017, S.S. Euo et al.;
V.2017, S.S. Euo et al.; 68, Gwangyang-si, Ongnyong-myeon, Mt. Bae- 538, Yeosu-si, Deokchung-dong, Mt. Maraesan from Chungminsa
gunsan from Hanjae hill, N35°6'23” E127°37'17", 16.V.2019, S.S. Euo, Temple, N34°45'55"” E127°44'31", 23.1V.2017, S.S. Euo, C.O. Kim, and
C.O. Kim, and J.H. Choi; 538, Haenam-gun, Haenam-eup, Gugyo-ri, Mt. W.R. Ha (NIBR).

Geumgangsan, N34°35'28"” E126°36'7", 17.V.2019, S.S. Euo, C.O. Kim, Additional material examined (presumably mixed females of
and J.H. Choi; 28, Wando-gun, Wando-eup, from Sosepo Port to B. serarius and B. nipponensis; see the Remarks of B. serarius). Korea:
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Fig. 8. Wing interference patterns (WIPs), showing a range of variation. (A-D) Betasyrphus serarius males. (E-H) B. nipponensis males: (G, H) right and left (mirror-
reversed) wings of the same individual. (I-L) B. serarius or B. nipponensis females. Voucher specimen codes: A - BetSer_M8; B - BetSer M10; C - BetSer M7; D -
BetSer_M9; E - BetNip_M2; F - BetNip_M5; G, H - BetNip_M6; I - BetSp_F8; J - BetSp_F1; K - BetSp_F2; L - BetSp_F6.

following specimens are deposited in YSUW. Chungcheongbuk-do: 19,
Jecheon-si, Geumseong-myeon, Yanghwa-ri, N37°4'6” E128°12'10", 27.
1X.2012, S.W. Suk, and H.S. Lee; 29, Yeongdong-gun, Sangchon-myeon,
Goja-ri, Mt. Sambongsan, N36°05'33.0” E127°50'08.7", 26.V.2020, S.S.
Euo et al.; 29, ditto, 25.V1.2019, S.S. Euo, C.O. Kim, and J.H. Choi;
Gangwon-do: 19, Donghae-si, Samhwa-dong, Mureung valley,
N37°28'02"” E129°01'53"”, S.S. Euo, C.O. Kim, and J.H. Choi; 19,
Hoengseong-gun, Dunnae-myeon, Sapgyo-ri, Mt. Cheongtaesan,
N37°30'40” E128°18'01”, 7.VIL.2001, D.S Choi, S.K. Kim, and D.S. Kang;
19, Hongcheon-gun, Nae-myeon, Bangnae-ri, N37°51'11” E128°16'52",
6.X.2020, S.S. Euo, C.O. Kim, S.P. Han; 49, ditto, 13.X.2018, S.S. Euo, C.
O. Kim, and J.H. Choi; 29, Hongcheon-gun, Nae-myeon, Gwangwon-ri,
Woldoon-gol, N37°50'52" E128°25'24", 26.VI.2018, S.S. Euo, C.O.
Kim, and J.H. Choi; 29, ditto, 12.VIII.2019, S.S. Euo, and C.O. Kim; 19,
ditto, 5.X.2017, S.S. Euo, and C.O. Kim; 19, Inje-gun, Girin-myeon, Seo-
ri, Mt. Maebongsan, N37°56'43.1” E128°13'40”, 2.V1.2018, S.S. Euo, C.
O. Kim, and J.H. Choi; 29, Jeongseon-gun, Nam-myeon, Yupyeong-ri,
Mt. Mindungsan, N37°16’10” E128°46'49", 8.V1.2020, C.O. Kim et al.;
29, ditto, 4.VI.2008, H.Y. Han et al.; 29, ditto, 12.VII.2017, S.S. Euo, C.
0. Kim, and W.R. Ha; 19, ditto, 26.VI[.2017, S.S. Euo et al.; 4Q, ditto, 12.
VIIL.2018, S.S. Euo, C.O. Kim, and J.H. Choi; 39, ditto, 10.VIII.2019, S.S.
Euo, C.O. Kim, and J.H. Choi; 19, Pyeongchang-gun, Jinbu-myeon,
Jangjeon-ri, Jangjeon valley, N37°27'59.2"” E128°32/18.7", 5.V1.2019,
S.S. Euo, C.0O. Kim, and J.H. Choi; 19, ditto, 29.1X.2020, S.S. Euo, and C.
O. Kim; 29, ditto, 5.VI1.2020, S.S. Euo, C.O. Kim, and J.H. Choi; 19,
Samcheok-si, Dogye-eup, Mugeon-ri, Moss waterfall, N37°15'32.6”
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E129°06'34.8", 17.1X.2019, S.S. Euo, and C.O. Kim; 19, Samcheok-si,
Geunsan-dong, Mt. Geunsan, N37°24'48"” E129°08'29", 6.V.2017, S.S.
Euo et al; 19, Wonju-si, Gwirae-myeon, Unnam-2ri, Darigol,
N37°10'51” E127°56'16.2", 4.V.2017, S.S. Euo, and W.R. Ha; 19Q,
Wonju-si, Gwirae-myeon, Unnam-ri, from Inbeolgol to Mt. Sibjabong,
N37°12'40” E127°55'50”, 23.1X.2016, S.S. Euo, and C.O. Kim; 19,
Wonju-si, Gwirae-myeon, from Cheoneunsa Temple to Mt. Sibjabong,
N37°13'34” E127°54'36", 28.1V.2017, S.S. Euo, C.O. Kim, and W.R. Ha;
29, Wonju-si, Heungeop-myeon, Maeji-ri, Yonsei Univ. Mirae Campus,
N37°17'10” E127°54'01”, 28.V1.2001, D.S. Choi; 19, ditto, 7.X.2016, S.
S. Euo, and C.O. Kim; 19, ditto, 28.1X.2017, S.S. Euo, C.O. Kim, and J.H.
Choi; 19, ditto, 3.X.2017, S.S. Euo, and C.O. Kim; 19, ditto, 10.X.2018,
S.S. Euo; 19, Wonju-si, Panbu-myeon, Seogok-ri, Mt. Baegunsan,
N37°14'59” E127°57'46", 16.V1.2002, D.S. Choi et al.; 19, ditto, 1.
1X.2017, S.S. Euo, C.O. Kim, and J.H. Choi; 19, ditto, 23.V1.2017, C.O.
Kim, and J.H. Choi; 19, Yeongwol-gun, Jungdong-myeon, Hwawon-ri,
N37°09'40.1” E128°38'11.2", 12.X.2018, S.S. Euo, C.O. Kim, and J.H.
Choi; 19, Yeongwol-gun, Yeongwol-eup, Heungwol-ri, Mt. Taechwasan,
N37°07'03.3” E128°29'07.4"”, 16.VIIL.2018, H.Y. Han et al.; and
Jeollabuk-do: 39, Sunchang-gun, Bokheung-myeon, Hwayang-ri, Mt.
Hwagaesan, N35°27'42" E128°54'8", 17.VI1.2020, C.O. Kim, and J.H.
Choi.

Distribution. Korea, Japan, China, Russian Far East, Oriental Region,
New Guinea, Australia, Madagascar. This distribution data should be
revised when conducting a more comprehensive study covering speci-
mens from all these regions in the future. Even though limited by the
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Fig. 9. Male genitalia. (A-E) Betasyrphus serarius: (A) lateral view; (B) caudal view; (C) hypandrium, lateral view; (D) surstylar apodeme, ventral view; (E) aedeagus,
lateral view. (F-J) B. nipponensis: (F) lateral view; (G) caudal view; (H) hypandrium, lateral view; (I) surstylar apodeme, ventral view; (J) aedeagus, lateral view. Scale

bars: 0.3 mm. Voucher specimen codes: A-E - BetSer_ M3; F-J - BetNip_M11.

sample size, our DNA barcoding analysis of non-East Asian Betasyrphus
public sequences that were deposited as either B. serarius or B. sp. appear
to be independent species closely related to both B. serarius and
B. nipponensis (see DNA barcoding of Betasyrphus and the related taxa).

Biology. Betasyrphus serarius is one of the most common syrphid
species in Korea. In this country, its flight period spans from April to
October with a peak in June. Male flies have often been observed while
hovering over mountain tops and ridges. On the other hand, females
(either belonging to B. serarius or B. nipponensis) have been more often
observed while feeding on flower nectar. They are also known to prefer
laying eggs on small to medium-sized young aphid colonies (Kan, 1988).
In India, these insects require 24-26 days to develop from eggs into
adults, with a larval period of approximately 13 days (Bijaya et al.,
1996). During their larval period, one larva could consume 277-400
individuals of Brevicoryne brassicae (cabbage aphid). See Biology of the
genus Betasyrphus for the prey and host plant records.

Remarks. As mentioned in the Introduction and Diagnosis, only males
of the two Betasyrphus species in Korea could be distinguished, while
females remained inseparable. One of these species could be clearly
recognized as B. nipponensis due to the known male genitalic characters
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of the holotype (Ohara, 1984). However, it is still unknown whether
B. serarius is a senior synonym of B. nipponensis or B. serarius sensu Ohara
(1984), because the only known syntypes of B. serarius are female
(Ssymank, 2010; Denner, 2017). So we follow Ohara’s species concept
for B. serarius until new material from its type locality is available.

Betasyrphus nipponensis (Goot, 1964) (Figs. 2, 4-6, 9)

(Korean name:
new Korean record).

Syrphus fulvicornis Shiraki and Edashige, 1953: 102 (Type-locality:
Mt. Ishizuchi, Ehime, Shikoku, Japan; holotype 3, EUMJ).

Syrphus nipponensis Goot, 1964: 218 (new name for fulvicornis Shiraki
and Edashige, 1953, nec fulvicornis Meigen, 1822; see Remarks).

Epistrophe nipponensis (Goot, 1964): Peck, 1988: 21 (in Palaearctic
catalog).

Betasyrphus nipponensis (Goot, 1964): Ohara, 1984: 534 (comb. nov.,
and redescription); Mutin and Barkalov, 1997: 184 (new records in
Sakhalin and the Kuril Islands); Mutin and Barkalov, 1999: 376 (in FE
Russia key); Sivova, 2003: 121 (biology and description of immature

Dalm-Eun-Geom-Jeong-Neop-Jeok-Kkot-Deung-E;



C.-0. Kim and H.-Y. Han

0.5 mm (A, C)

Journal of Asia-Pacific Entomology 25 (2022) 101914

Fig. 10. Postabdomen of Betasyrphus serarius or B. nipponensis female: (A, B) dorsal view; (C, D) ventral view. Voucher specimen code: A-D - BetSp_F2.

stages in FE Russia); Ohara et al., 2014: 465 (in Japanese catalog).

Diagnosis. See Diagnosis of B. serarius.

Description of Korean material. Male. Body length 9.1-11.6 mm; wing
length 7.87-9.30 mm; head ratio 0.64-0.71; face ratio 0.44-0.48; eye
ratio 0.46-0.51; gena-eye ratio 0.03-0.04; antenna-head ratio
0.50-0.57; postpedicel-pedicel ratio 4.17-4.80; arista-antenna ratio
0.69-0.90; wing ratio 3.07-3.40; wing-thorax ratio 2.39-2.56; vein M
ratio 2.38-2.70; vein R4,s5 ratio 3.16-3.47. Head (Fig. 4C, D, G, H)
holoptic, eye contiguity as long as vertical triangle; compound eye dark
brown with slight purplish tinge, densely covered with relatively long
yellowish hairs; vertex brownish black with black hairs; ocellar triangle
brownish black with black hairs; occiput brownish black ground color
with pale yellow to yellowish white pruinosity (pruinosity stronger in
lower area), marginally covered with long erect orange to pale yellow
hairs, shorter black hairs mixed in upper half (Fig. 2B); frons brownish
black with black hairs, about posterior 1/3, dusted with yellow to pale
yellow pruinosity (dusted area tends to be slightly shorter than in
B. serarius; Fig. 4C, D, G, H vs. A, B, E, F); lunule bare, brownish black
with brown medio-ventral and latero-ventral margins (Fig. 4C, D); an-
tenna almost entirely brownish black (Fig. 4C, D, G, H); scape brownish
black with short and stout black hairs on apical margin; pedicel
brownish black with short and stout black hairs on apical margin;
postpedicel almost entirely brownish black with ventro-basal brownish
area (some specimens entirely brownish black); arista dark brown to
brownish black, but often with brighter basal margin; face brownish
yellow ground color, largely with black hairs mixed with brownish
yellow hairs around the mouth and near the eyes (Fig. 4C, D); face with
pale yellow to pale grey pruinosity (Fig. 4C, D); black longitudinal facial
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stripe from lower facial margin to about 2/3 position toward antennal
sockets, 0.26-0.29x as wide as facial width, with rounded knob in
middle (Fig. 2B, 4C, D); gena narrow, brownish black with moderate
yellowish white pruinosity, with pale yellow hairs (black hairs sparse
mixed in a few specimens). Thorax largely black ground color with
bluish tinge and greyish pruinosity, with long wavy brownish yellow
hairs (Fig. 2A, B): postpronotal lobe black, bare; notopleuron shiny black
with wavy brownish yellow hairs (Fig. 2A, B); scutum subshiny black
with 2 pairs of wide longitudinal greyish pruinose bands (Fig, 2A; can be
observed under appropriate lighting — Ssymank, 2010), median bands
interrupted widely in middle; scutum mostly covered with wavy
brownish yellow hairs but laterally mixed with some wavy black hairs;
postalar callus shiny brownish black with wavy yellowish brown hairs
but anteriorly mixed with some black hairs in most specimens; scutellum
largely brownish yellow but baso-ventral corners narrowly brownish
black (Fig. 5C, D); scutellum largely covered with wavy black hairs, but
wavy brownish yellow hairs basally mixed, some specimens with
brownish yellow hairs distributed as large as about basal 1/3 (Fig. 5C,
D); proepimeron shiny black with pale yellow pruinosity, sparsely
covered with short pale yellow hairs; anterior anepisternum black with
pale yellow pruinosity, bare; posterior anepisternum black with pale
yellow pruinosity, anterior 1/5 bare and posterior 4/5 covered with
wavy pale yellow hairs (postero-dorsally mixed with wavy brownish
hairs in some specimens); katepisternum black with upper and lower
wavy brownish yellow hair patches; anterior anepimeron black with
pale yellow pruinosity, covered with wavy pale yellow hairs (some
specimens wavy brownish hairs mixed dorsally); dorsomedial and pos-
terior anepimeron black with pale yellow pruinosity, bare; katepimeron
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subshiny black with pale yellow pruinosity, covered with wavy pale
yellow hairs; meron subshiny black, dorsally slightly dusted with pale
yellow pruinosity, bare; katatergite shiny black with pale yellow
pruinosity, densely covered with short pale yellow hairs; anatergite
shiny black, bare; metasternum brownish black, bare; halter with stem
brownish yellow to dark brown, knob variably mixed with light and dark
brown coloration (Fig. 2A, C, D). Wing (Fig. 2A, B, Fig. 6C, D) largely
hyaline with slight brownish tinge; veins yellowish brown to dark
brown; tegula brownish black with short black hairs; basicosta brownish
black, mostly with short brownish yellow hairs except short black hairs
on baso-ventral side; vein C almost entirely covered with short black
hairs except short brownish yellow hairs mixed on baso-ventral margin;
pterostigma brownish yellow, basally with narrow 45° inwardly slanted
dark brown longitudinal vitta (Fig. 6C); cell sc before pterostigma
largely brownish yellow with about apical 1/7-1/6 hyaline; some areas
basal to anterior branch of media and alular incision brownish yellow;
distinct spurious vein shortly interrupted at about basal 1/3, with
distinct knob at base of apical vein right after interruption; wing
membrane largely covered with microtrichiae with basal bare areas as in
Fig. 6D with some variation; apical 1/3 of cell br anterior to spurious
vein almost bare except for marginal area (Fig. 6D); upper and lower
calypters pale yellow with darker margin, covered with long pale yellow
to brownish marginal hairs; lower calypter with short sparse dorsal
hairs. Legs: coxae and trochanters brownish black, with fore and mid
coxae, and mid and hind trochanters mainly with black hairs mixed with
some yellowish brown hairs; hind coxa and fore trochanter mainly with
yellowish brown hairs mixed with some black hairs; femora basally
brownish black and apically brown to dark brown; fore and mid femora
postero-basally with long wavy brownish yellow hairs, postero-apically
with shorter wavy black hairs (wave getting weaker towards apex); hind
femora antero-basally with long wavy brownish yellow and black hairs
mixed; tibiae brown with short black hairs; tarsomeres brownish black
with fore and mid tarsomeres entirely covered with short black hairs,
with hind tarsomere covered with short black hairs dorsally and short
brownish yellow hairs ventrally. Abdominal tergites (Fig. 2A, C, D)
brownish black with wavy brownish yellow and black hairs (wave get-
ting weaker towards apex); 3 light grey to brownish yellow transverse
bands on tergites 24, with each band partially dusted with yellowish
white pruinosity, reaching lateral margins, often interrupted in middle;
tergite 1 subshiny with brownish yellow hairs; tergites 2-4 each with
brownish yellow hairs anteriorly, black hairs posteriorly; tergite 5
brownish black with pair of antero-lateral yellowish grey pruinose
specks, largely with black hairs but laterally mixed with few yellowish
brown hairs; sternites 1-8 brownish black to dark brown ground color
with 1-4 with pale yellowish pruinosity in various intensity (Fig. 2E vs. F
show rough range of variation); sternite 1 with wavy pale yellow hairs;
sternite 2 largely with pale yellow hairs, sometimes mixed sparsely with
shorter black hairs; sternites 3—4 largely with short black hairs mixed
sparsely with longer (at least 2x) pale yellow hairs; sternites 5-7 largely
with black hairs; sternite 8 largely with brownish yellow hairs. Male
genitalia (Fig. 9F-J): epandrium about 1.3x as long as high in lateral
view, densely with tiny hairs; cerci short, slightly seen in lateral view
(Fig. 9F), narrow kidney shape in caudal view (Fig. 9G), with long
brownish yellow hairs; surstylus narrow in caudal view (middle width
about 1/8 of length when oriented to show broadest area), slightly
curved anteriorly with anteroapically pointed apex in lateral view,
basally covered with long brownish yellow hairs, apically with short
hairs; surstylar apodeme at least 1.5x longer than wide in ventral view
(Fig. 9D); hypandrium (Fig. 9F, H) with finger-shaped lingula with
pointed apex in lateral view (slightly narrower than that of B. serarius),
lateral protuberance distinctly longer than lingula; superior lobe twice
as high as long, sparsely covered with short brownish yellow hairs
laterally, with strong upward hook subapically (hook much smaller than
that of B. serarius; Fig. 9G, H); distiphallus laterally flattened, down-
curved with apical 1/3 gradually pointed, about 7x as long as middle
width in lateral view (Fig. 9J); 2 ventral processes of basiphallus more or
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less parallel in lateral view, apico-ventral process about half as long as
distiphallus; aedeagal apodeme with about basal 1/3 ventrally swollen;
sperm duct about 3/4 as long as aedeagal apodeme; ejacualatory apo-
deme rod-shape, about 1/3 as long as aedeagal apodeme.

Female. See Description of Korean material of B. serarius.

Material examined (males only). KOREA: Majority of the following
specimens are deposited in YSUW, except for the one with other de-
positories indicated in parentheses. Chungcheongbuk-do: 14,
Yeongdong-gun, Sangchon-myeon, Goja-ri, Mt. Sambongsan,
N35°26/50” E127°40'10"”, 25.V1.2019, S.S. Euo, C.O. Kim, and J.H. Choi;
Gangwon-do: 13, Hongcheon-gun, Nae-myeon, Bangnae-ri, N37°51'11”
E128°16/52", 13.X.2018, S.S. Euo, C.O. Kim, and J.H. Choi; 13,
Hongcheon-gun, Nae-myeon, Gwangwon-ri, Woldoon-gol, N37°50'52"
E128°25'24", 16.V1.2018, S.S. Euo, C.O. Kim, and J.H. Choi; 28 (18 in
NIBR), Inje-gun, Girin-myeon, Seo-ri, Mt. Maebongsan, N37°56'43.1"
E128°13'40”, 6.VIL.2017, S.S. Euo, C.O. Kim, and J.H. Choi; 18,
Jeongseon-gun, Nam-myeon, Yupyeong-ri, Mt. Mindungsan,
N37°16'10” E128°46'49”, 13.V.2017, S.S. Euo et al.; 1g, ditto, 12.
VIL.2018, S.S. Euo, C.O. Kim, and J.H. Choi; 13, Pyeongchang-gun,
Jinbu-myeon,  Jangjeon-ri, = Jangjeon  valley, N37°27'59.2"
E128°32'18.7", 8.X.2019, S.S. Euo, and C.O. Kim; 28, Wonju-si, Heun-
geop-myeon, Maeji-ri, Yonsei Univ. Mirae Campus, N37°17'10"
E127°54'01”, 13.V1.2001(em. 17.V1.2001), D.S. Choi; 143, ditto, 10.
X.2018, S.S. Euo; 138, Wonju-si, Panbu-myeon, Seogok-ri, Mt. Bae-
gunsan, N37°14'59” E127°57'46", 23.V1.2017, C.O. Kim, and J.H. Choi;
13, ditto, 19.IX.2019, S.S. Euo, and C.O. Kim; Gyeonggi-do: 18,
Gwangju-si, Docheok-myeon, Sangnim-ri, Mt. Tachwasan, N37°18'44"
E127°18'36”, 10.VIL.2017, H.Y. Han et al.

See Additional material examined of B. serarius for females.

Distribution. Korea (new record), Japan, Russian Far East.

Biology. In Korea (present study) and Japan (Ohara, 1984),
B. nipponensis flies have often been collected together with those of
B. serarius, showing similar flight behavior. The former species consti-
tute approximately 10% of the Korean Betasyrphus males (about 200
specimens of both species examined). See Biology of the genus Beta-
syrphus for prey and host records. Due to the frequent misidentification
of B. nipponensis as B. serarius and the inability to separate females of
these two species, the previously known biology of B. serarius might
partially correspond to B. nipponensis.

Remarks. In the past, Shiraki and Edashige (1953) named this species
as Syrphus fulvicornis. Goot (1964) suggested a new name, S. nipponensis,
for S. fulvicornis Shiraki and Edashige, 1953 due to its homonymy with
S. fulvicornis Meigen, 1822. This homonymization, however, may turn
out to be no longer valid considering the current classification of the
family Syrphidae (S. fulvicornis Meigen is currently placed under the
genus Cheilosia Meigen, 1822). This topic needs to be clarified in a more
comprehensive study of Betasyrphus in the future.

Wing microtrichia distributions (WMDs)

Since only males of B. serarius and B. nipponensis could be distin-
guished based on their genitalic characters, we attempted to find addi-
tional diagnostic characters that applied to both sexes. Vockeroth (1958)
suggested that analyzing wing microtrichia distributions (WMDs) can
yield useful characters to discern closely related syrphid taxa. For
example, Metz and Thompson (2001) used the WMDs to distinguish
between the sister species Toxomerus intermedius (Hull, 1949) and
T. teliger (Fluke, 1953).

By observing Betasyrphus males previously identified by genitalic
examination, we discovered a single WMD character useful for dis-
tinguishing males of B. serarius from those of B. nipponensis. We found
that Betasyrphus wings are largely michrotrichose but exhibit some bare
areas in the basal half. Such bare areas tended to be larger in
B. nipponensis, showing discrete interspecific differences in the apical 1/
3 of cell br above the spurious vein (bare area less than half within this
region — Fig. 6A, B vs. more than half — Fig. 6C, D). Using this non-
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genitalic character, we were able to identify all Korean Betasyrphus
males correctly.

Unfortunately, we were unable to unravel females based on WMDs.
Females tended to display larger basal bare areas than males, thus
showing only a single WMD state (i.e., cell br almost completely bare).
We failed to find any additional microtrichial characters that showed a
similarly discrete character state distribution. Nevertheless, we believe
that a combination of two or more microtrichial characters may be used
for this purpose in the future, but only by applying more sensitive
diagnostic tools, such as microsatellite analysis, and the availability of
correctly identified female specimens.
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Wing interference patterns (WIPs)

WIPs are structural color patterns that appear in thin and transparent
wings due to thin-film interference, and are known to be useful for the
classification of small winged insects (Shevtsova et al., 2011; Hawkes
et al., 2019). WIPs have also been used to classify various taxa of the
order Diptera (e.g., Shevtsova et al., 2011; Katayama et al., 2014; Zhang
et al.,, 2016; Gebru et al., 2018; Hawkes et al., 2019). Although WIP
analysis has never been applied to the family Syrphidae, we attempted
to do so in our Betasyrphus species.

Unfortunately, Korean Betasyrphus species showed high inter- and
intraspecific variability for WIPs (Fig. 8), with some specimens even

Eristalis tenax |BBDCP788-10|JF869144|

19| Eristalis tenax |TTDFW499-08|KMs6o705| | Outgroup
Subfamily
Helophilus pendulus |FIDIP988-12|MZ609479| Eristalinae

Subfamily
Syrphinae

Fig. 11. Neighbor-joining tree based on Kimura 2-parameter distance of 486 Syrphidae DNA barcode sequences mostly retrieved from BOLD Systems (https://www.
boldsystems.org; as of March 2022) and GenBank (https://www.ncbi.nlm.nih.gov/genbank/; as of March 2022), including 20 newly obtained Korean Betasyrphus
sequences (B. serarius males are highlighted in red; B. nipponensis males are highlighted in blue; B. serarius or B. nipponensis females are highlighted in green; numbers
after the scientific name indicate the voucher specimen numbers). Numbers on each corresponding node indicate the bootstrap values after 3000 replications (only
values higher than 50% are shown). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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displaying differences between their right and left wings (Fig. 8G vs. 8H
— mirror image). Even after observing males that had been correctly
identified by genitalic examination, we failed to find any WIP-based
character that could be used to separate the two species. Here, we
report some examples of our WIP analyses as information for the readers
(Fig. 8).

DNA barcoding of Betasyrphus and the related taxa
Taxon sampling

For DNA barcoding analysis, we sampled five genitalia-identified
males for each of B. serarius and B. nipponensis. They were freshly pre-
served Korean specimens, covering as many variants as possible. Since
only males can be identified to species, we sequenced 10 females iden-
tified to the genus. We tried to include female specimens from the same
lots where B. nipponensis males had been collected. This was done in
order to include at least some females of B. nipponensis, despite the rarity
of this species; in fact, B. nipponensis represents less than 10% of Beta-
syrphus in Korea, according to male-based data.

In addition, we retrieved 15 DNA barcode sequences of the genus
Betasyrphus, including five identified and three unidentified species from
BOLD Systems and GenBank. We also retrieved 465 selected barcodes of
related taxa (262 species, 43 genera and three tribes of the subfamily
Syrphinae) to test the monophyly of the genus Betasyrphus and unravel
any related genera. We tried to include as many sequences as possible
from the group 1 of the tribe Syrphini (Young et al., 2016; Mengual
et al., 2018; list of Syrphidae genera: https://en.wikipedia.org/wiki/Lis
t_of Syrphidae_genera). The resulting neighbor-joining (NJ) tree was

Bl Betasyrphus serarius
(Wiedemann, 1830) &
(n=35)

. Betasyrphus nipponensis
(Goot, 1964) &
(n=5)
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rooted using the genera Helophilus Fabricius, 1805 and Eristalis Latreille,
1804 of the subfamily Eristalinae.

Identity of Korean Betasyrphus by comparison with available barcodes of
other Betasyrphus species

Our DNA barcoding analysis was not sensitive enough to separate
B. serarius and B. nipponensis individuals. Indeed, all 23 Korean and
single Chinese barcode sequences of these two species were closely
clustered together, showing very little sequence divergence (Fig. 11).
Similar examples can be found in other insect (e.g., Diptera-Tephritidae:
Han and Ro, 2019; Coleoptera-Carabidae: Raupach et al., 2020).
Nevertheless, our analysis strongly supports the cluster of the genus
Betasyrphus, with a 98% bootstrap value. Considering the breadth of our
taxon sampling scheme, this genus appears to be a monophyletic group.
It is also interesting to notes that three unidentified species from
Pakistan, Australian and Malaysian (deposited as B. serarius) barcodes
closely form a strong cluster (99% bootstrap support) together with both
B. serarius and B. nipponensis. Therefore, the exceptionally wide current
distribution of B. serarius should be re-evaluated for additional species.

Young et al. (2016) and Mengual et al. (2018) carried out phyloge-
nomic and multigene analyses that showed convincing intergeneric re-
lationships involving the genus Betasyrphus. However, our DNA
barcoding analysis did not reveal such relationships, obviously due to
the lack of phylogenetic signals in deeper branches. Instead, our bar-
coding analysis seemed effective for species-level analysis within the
genus Betasyrphus, given the relatively high internal branch supports
(Fig. 11).

Fig. 12. Maximum statistical parsimony network of the DNA barcode sequences of the Betasyrphus serarius (red) and B. nipponensis (blue) males. The numbers of
analyzed specimens (n) are listed. Big circles represent the haplotype and hatch marks represent mutational steps. The diameter of circles is proportional to the
number of haplotypes sampled (see given open circles with numbers). (For interpretation of the references to color in this figure legend, the reader is referred to the

web version of this article.)
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Haplotype analysis of Korean Betasyrphus species

Our maximum parsimony network analysis showed multiple sharing
of haplotypes for Betasyrphus serarius (n = 5) and B. nipponensis (n = 5)
(Fig. 12). We only used males, because females could not be identified to
the species. As a result, the most dominant haplotype (h1) was shared by
three specimens of B. serarius and two specimens of B. nipponensis. The
second dominant haplotype (h2) was shared by one specimens of
B. serarius and two specimens of B. nipponensis. The remaining two
haplotypes were revealed only for one specimen (B. serarius — h3,
B. nipponensis — h4). The two haplotypes (h2, h4) were separated by one
mutational step from the most dominant haplotype (h1), and h3 indi-
cated by a single specimen of B. serarius was separated by three muta-
tional steps. Because these male specimens could be clearly separated by
anumber of characters in male genitalia (Fig. 9E vs. J), we do not believe
that their haplotype sharing is a result of extensive hybridization.
Instead, this haplotype sharing pattern appears to be a consequence of
recent speciation from a common ancestor.
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