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ABSTRACT

In this study, we reported the first confirmed record of the genus Xanthandrus Verrall, 1901 from
Pakistan, along with the rediscovery of Xanthandrus garhwalensis (Kohli, Kapoor & Gupta, 1988) (Diptera:
Syrphidae) at three localities: two in Azad Kashmir (Banjosa and Rawalakot), and one in Islamabad Capital
Territory (Trail-5). This rediscovery represents the first report of the species since its original description
in 1988 from India (Dehradun, Ramgarh). The present study also provides the global distribution map,
species diagnosis, adult habitus photographs, and DNA barcoding data of this rare hoverfly.
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INTRODUCTION

Hover flies or syrphid flies (Diptera: Syrphidae) are one of the most species-rich
dipteran families comprising more than 6,300 extant species under 209 genera
(Skevington et al., 2019). The distribution of syrphids is global with the exception
of some isolated oceanic islands and Antarctica (Thompson, 2019). Hoverflies are
renowned for their characteristic flight behaviour, play crucial ecological services
primarily through pollination and as natural pest controllers. Several hoverfly species
exhibit mimicry, resembles wasps or bees which provides them a defensive mechanisim
against predators (Rotheray & Gilbert, 2020). In addition to their pollination services,
hoverfly larvae are predators of aphids and other plant damaging pests, making them
useful biological control agents (Schmidt, Thewes, Thies, & Tscharntke, 2004; Bugg,
Colfer, Chaney, Smith, & Cannon, 2008; Eckberg et al. 2015) or as decomposers of
organic matter (Martinez-Falcon, Marcos-Garcia, Moreno, & Rotheray, 2012).

The hoverfly genus Xanthandrus Verrall, 1901 (Diptera: Syrphidae) belongs to
the tribe Melanostomini within the subfamily Syrphinae (Mengual, 2020; Mengual
et al., 2023), and it is closely related to two Afrotropical genera, namely Pelloloma
Vockeroth, 1973 and Afroxanthandrus Kassebeer, 2000 (Mengual et al., 2023; Midgley,
Goergen, & Jordaens, 2024). Currently, the genus comprises 23 species in two
subgenera: Androsyrphus Thompson, 1981 (1 sp.) and Xanthandrus (22 spp.). Of
these, 11 species are found in the Neotropical region, followed by Oriental (6 spp.),
Palaearctic (3 spp.), Australasian (3 spp.), and Nearctic regions (1 spp.) (Mengual,
2020; Borges & Pamplona, 2003; Thompson & Skevington, 2014). The immature
stages of Xanthandrus species are economically significant as they feed not only on
aphids but also on caterpillars from moth families such as Tortricidae and Notodontidae,
which occur on both trees and lower-growing plants (Rojo, Gilbert, Marcos-Garcia,
Nieto, & Mier, 2003; van Veen, 2010; Santolamazza, Cartea, & Sart, 2011).

Until now, only two species of Xanthandrus have been recorded from India: X.
indicus Curran, 1933 and X. garhwalensis (Kohli, Kapoor, & Gupta, 1988) (Mitra, Roy,
Imam, & Ghosh, 2015; Sengupta et al., 2016, 2024). Saleem, Arif, & Suhail (2001)
listed X. comtus (Harris, 1780) from the Peshawar Division in Pakistan, but posterior
studies treated this report as a probably misidentification (Ghorpadé & Shehzad, 2013;
Ghorpadé, 2015; Shehzad et al., 2017).

In this study, the first confirmed records of the genus Xanthandrus from Pakistan
are given and X. garhwalensis is reported for the first time from Pakistan. We provide
a global distribution map, species diagnosis, adult habitus photographs, and DNA
barcoding data of this rare hoverfly.

MATERIAL AND METHODS

We collected five female samples between 2018 and 2021 using a hand-sweeping
net in the mountainous regions of Islamabad Capital Territory (Margalla Hills, Trail-5)
and Poonch District (Banjosa and Rawalakot), Azad Kashmir, Pakistan. The collected
specimens were kept in the killing jars containing Potassium Cyanide up-to death.
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The killed specimens were transferred in field collection boxes and shifted in the
taxonomy laboratory. The insects were relaxed prior to pinning by placing them in a
petridish wrapped in a wet cloth. The body parts were spread properly, positioned
on the stretching board, and dried for 2 to 3 days. The species was identified by
comparing it with the original description provided by Kohli, Kapoor, & Gupta (1988).
The terminology used for adult morphology is based on Cumming & Wood (2017) and
van Steenis et al. (2023). The examined specimens are deposited in the Entomological
Collection at the National Insect Museum (NIM), Islamabad, and the Department of
Entomology at The University of Poonch, Rawalakot (UPR), Azad Kashmir, Pakistan.

External body morphology was observed under a Nikon SMZ 745 stereomicroscope,
and photographs of adult habitus were taken with a Nikon D800 digital camera
equipped with a Nikon MICRO NIKKOR 105 mm lens. A species distribution map was
created using QGIS 3.38.2 software.

Barcoding

For molecular sequencing, some specimens were preserve in 95% ethanol and later
use for DNA extraction. DNA was extracted using one or more legs from each individual,
following the manufacturer’s protocol for the QIAGEN QlAamp® DNA Kit. Partial
sequence of mitochondrial COIl gene was amplified and sequenced. The amplification
was done using the universal primers: LCO1490 (forward): 5’- GGTCAACAAATCAT-
AAGATATTGG- 3’ and HC02198 (reverse): 5 TAAACTTCAGGGTGACCAAAAATCA
-3’ (Folmer et al., 1994). The PCR reactions consist of 12.5 ul in a reaction volume
of 25 pl, which included 1.0 yl DNA templet, 1.0 ul each forward primer and reverse
primer and 9.5 pl distilled water. The PCRs involves an initial denaturation set (95°C
for 5 min) following by 35 cycles of denaturation at 94°C for 30 s, annealing at 49°C
for 30 s, and extension at 72°C for 2 min. A final extension was performed at 72°C
for 10 minutes with a holding temperature of 12-16°C. The double-stranded PCR
products were visualized by agarose gel electrophoresis on (1.5%).

Molecular Identification

For molecular identification, the COI gene fragment (612 bp) of Xanthandrus
garhwalensis (PKDIP081-23) was aligned using ClustalW in MEGA 7 (Kumar, Stecher,
& Tamura, 2016) with 10 sequences from four species within the genus Xanthandrus:
X. palliatus (CNCDB3506-11), X. comtus (CNCDB3504-11, AMTPE1227-15,
AMTPD4474-16, UZINS362-23, AMTPE1095-15), X. callidus (CNCDB3501-11),
and X. agrolas (SYRAU017-15, CNCDB3760-11). The sequence of Eristalis tenax
(OL441830.1) was used as an outgroup. All sequences were retrieved from NCBI
(https://www.ncbi.nlm.nih.gov/). Genetic distances were calculated using the
Kimura-2-Parameter model in MEGA 7.0 (Kumar et al., 2016). The phylogenetic tree
was constructed using the Maximum likelihood (ML) analysis implemented in IQ-TREE
using ultrafast bootstrap with 5000 replicates as implemented on the website server
(http:// igtree. cibiv. univie. ac. at) (Nguyen, Schmidt, von Haeseler, & Minh, 2015).
Genetic distances were calculated using the Kimura 2 Parameter (K2P, Kimura, 1980)
model in MEGA 7.0 (Kumar et al., 2016).
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RESULTS

Family Syrphidae Latreille, 1802
Subfamily Syrphinae Latreille, 1802

Genus Xanthandrus Verrall, 1901

Xanthandrus Verrall, 1901: 316. Type species: Musca comtus Harris, 1780: 47;
subsequent designation of Coquillett, 1910: 620.

Hiratana Matsumura & Adachi, 1919: 129. Type species: Syrphus quadriguttulus
Matsumura, 1911; by original designation. Synonym of X. comtus Harris, 1780.

Indosyrphus Kohli, Kapoor & Gupta, 1988: 121. Type species: Indosyrphus
garhwalensis Kohli, Kapoor & Gupta, 1988: 122; by original designation. Synonymized
by Ghorpadé (2014).

Xanthandrus garhwalensis (Kohli, Kapoor & Gupta, 1988)

Indosyrphus garhwalensis Kohli, Kapoor & Gupta, 1988: 122. Type locality: India
(Uttarakhand: Dehradun, Ramgarh).

Material examined. Pakistan. Azad Kashmir: 29, Poonch District, Banjosa, 4.x.2021, 33.8100°N,
73.8164°E, 1893m, leg. S. Fazal (UPR); 29, Poonch District, Rawalakot, 15.x.2021, 33.8584°N,
73.7588°E, 1643m, leg. S. Fazal (UPR). Islamabad Capital: 19, Margalla Hills, Trail-5, 33.74444°N,
73.04167°E, 1610m, 16.vi.2018, leg. M.A. Hassan (NIM).

Re-description

Female. Head with dichoptic eyes (Fig. 1a-b), eyes bare; ocellar triangle black,
with sparse brown hairs; occiput black with dense dark gray pollinosity, hairs mostly
yellowish brown except near vertex with black hairs; face black, covered with yellow
hairs and whitish-gray pollinosity; facial tubercle round, prominent, and shiny black;
gena black with yellow hairs; lunule orange; antennae brown, with scape and pedicel
black-haired, basoflagellomere ventrally brown and dorsally dark brown; arista dark
brown, bare. Postpronotum bare; mesonotum and scutellum shiny black, with pale
yellow hairs; pleuron black (Fig. 1e). Wings hyaline with brownish pterostigma; alula
broad and microtrichose; calypter light yellow; halters yellow (Fig. 1d). Legs black;
coxa and trochanter black; femur blackish, apically dark brown with yellowish-brown
hairs posteriorly; fore tibia brown, covered with short black hairs; mesotibia dark brown
to black, slender at the base; hind tibiae black with short black hairs. Abdomen black,
wide, unmargined, and flat; tergite 1 and 2 black with black hairs, tergite 2 anteriorly
grey; tergite 3 with confluent spots, and tergite 4 with narrowly separated, slightly
confluent spots; tergite 5 small, black, and difficult to see dorsally (Fig. 1c). Sternite 1
black; sternite 2 with yellow margins on the posterior 1/5; sternite 3 with a round spot
on the anterior 1/3; sternite 4 with yellow spots on anterolateral and lateral margins;
sternite 5 black (Fig. 1f).

Host plant. Xanthandrus species are found in deciduous and coniferous forests,
particularly those with a thick understory of shrubs (van Veen, 2010). In this study,
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the adult specimens X. garhwalensis were collected from a dense pine forest on the
flowers of Strobilanthes attenuata in Azad Kashmir (Fig. 4a-c) and near stagnant
water at Margalla Hills in the Islamabad Capital Territory (Fig. 4d-f).

Figure 1. Xanthandrus garhwalensis. Female: a) dorsal habitus, b) head, frontal view, c) abdomen dorsal
view, d) right forewing, e) lateral view, f) ventral view. Scale bar: 1.0 mm.
Distribution. Pakistan: Azad Kashmir: Poonch District, Rawalakot; Islamabad
Capital: Margalla Hills, Trail-5 (present study - new country record); India: Uttarakhand
(Kohli et al., 1988).

Genetics. Phylogenetic analysis reveals that X. garhwalensis is closely related to
two new species from Thailand and Malaysia, and X. comtus, with a genetic distance
ranging from 0.005 to 0.006 (Fig. 2-3).

Remarks. Morphologically, X. garhwalensis resembles X. comtus (Harris, 1780),
particularly in the external body morphology, but they can be distinguished by specific
abdominal markings. In X. comtus, the male exhibits round spots on tergite 2 and large
yellow spots on tergites 3 and 4 usually extending onto the apical half of the tergite (van
Veen, 2010: fig. 787), while the female has oval yellow spots on tergite 2 and square
spots on tergites 3 and 4, usually also extending beyond the apical half of the tergite.
In contrast, X. garhwalensis have no markings on tergite 2, confluent spots on tergite
3, and male with slightly confluent spots on tergite 4 but separated spots in female,



116
FAZAL, S. et al.

limited to the basal half of the tergite in both sexes (Kohli et al., 1988: fig. 36; Fig. 1C).

Platycheirus Carposcalis chalconotus|Ecuador|ZFMK-DIP-00095182
100[ ngensis|ANHRTUK 0028 BA 319-24|Republic of the Congo|PP828576|BOLD:.
Afroxanthandrus congensis|] ANHRTUK 00 GBAAW69320-24|Republic of the Congo|PP828577|BOLD....
Xanthandrus sp|CNC DIPTERA 106595|CNCDB3969-11|Bolivia| BOLD:ABX3087|
— Xanthandrus cubanus|Puerto Rico|UdeA:CEUA:73204|ZFMK-DNA-FD19585578
Xanthandrus tricinctus|CNC DIPTERA 106147|CNCDB3509-11|Sint Maarten|BOLD:AAZ6240|MK074705
99.8| Xanthandrus mexicanus|J§522217|CNCDB3729-11|Costa Rica|BOLD:AAZ5424
8" Xanthandrus mexicanus|INB0003833248|ASIND281-12|Costa Rica|BOLD:AAZ5424|
Xanthandrus mexicanus|JSS22236|CNCDB3728-11|Costa Rica|BOLD:AAZ5424|
Xanthandrus mexicanus|INB0003050368|ASIND286-12|Costa Rica|BOLD:AAZ5424|
Xanthandrus mexicanus|INB0003768189|ASIND282-12|Costa Rica|BOLD:AAZ5424|
Xanthandrus bucephalus|Ecuador|ZFMK-DIP-00095670
Xanthandrus bucephalus_check|Jeff_Skevington_Specimen30611|SRCNC390-16|Peru|BOLD:AEB4267|
Xanthandrus bucephalus_check genitalia|Bolivia|ZFMK-DIP-00084916
100 Xanthandrus spp|INBIOCRI002473285|ASIND288-12|Costa Rica|BOLD:ACA1220|
Xanthandrus spp|INBIOCRI001149921|ASIND291-12|Costa Rica|BOLD:ACA1220|
7T Xanthandrus spp|INBIOCRI002475907|ASIND287-12|Costa Rica|BOLD:ACA1220]|
Xanthandrus spp|INBIOCRI002488498|ASIND289-12|Costa Rica|BOLD:ACA1220|
99.9, Xanthandrus dark|Colombia|ZFMK-DIP-00096795|ZFMK-DNA-FD19585572
Xanthandrus dark|XP98|GBMIN62193-17|Colombia|BOLD:ADJ8610|KM270876
0.6 | Xanthandrus plaumannilColombia|ZFMK-DIP-00068944|ZFMK-TIS-5010808
Xanthandrus plaumanni|Colombia|ZFMK-DIP-00068943|ZFMK-TIS-5010807
Xanthandrus plaumanni|Colombia|ZFMK-DIP-00068916|ZFMK-TIS-5010780
Xanthandrus plaumanni|Colombia|ZFMK-DIP-00068860|ZFMK-TIS-5010725
Xanthandrus plaumanni|Colombia|ZFMK-DIP-00096784|ZFMK-DNA-FD19585579
Xanthandrus plaumanni|Colombia|ZFMK-DIP-00068861|ZFMK-TIS-5010726
1i_check genitali Jador|D073
Xanthandrus plaumanni|GBDP6161-09|XP32|Colombia|BOLD:AAW7738|EF127307

53.5 Argentinomyia 75-10_Xanthandrus mexicanus|INB0004288037|ASIND2406-12|Costa Rica|BOLD:ABY2499|...
—% Xanthandrus palliatus|CNC DIPTERA 106146|CNCDB3508-11|Ecuador|BOLD:ACF3593|

©o
010

B Xanthandrus palliatus|CNC DIPTERA 106143|CNCDB3505-11|Ecuador|BOLD:AAZ5370|
Xanthandrus palliatus| CNC DIPTERA 106144|CNCDB3506-11|Ecuador|BOLD:AAZ5370|KF919060
0y Xanthandrus callidus|CNC DIPTERA 106139|CNCDB3501-11|Malaysia|BOLD:AAZ5371|KF919063
_%%Td_l- Xanthandrus callidus|CNC DIPTERA 106138|CNCDB3500-11|Malaysia|BOLD:AAZ5371|
Xanthandrus callidus|CNC DIPTERA 106140|CNCDB3502-11|Malaysia|BOLD:AAZ5371|
Xanthandrus|CNC385005|SYROC453-15|Australia|BOLD:ACC8891|
PKDIP081-23|Xanthandrus_garhwalensis %
Xanthandrus sp| CNC464910|CNCFF812-16|Thailand|BOLD:ADD9700|
100 Xanthandrus|Jeff_Skevington_Specimen30562|SRCNC342-16|Malaysia|BOLD:ACZ9664|
Xanthandrus sp|Jeff_Skevington_¢ i |SYCNC206- ia|BOLD:ACZ9664|
— Xanthandrus|CNC571850|CNCFF240-16|Taiwan|BOLD:AAZ6101|
Xanthandrus comtus|CNC587037|CNCFF307-16|China|BOLD:AAZ6101|
Xanthandrus comtus|CNC Diptera 229525|SYJU129-14|Russia|BOLD:AAZ6101|
Xanthandrus comtus|UZSAV259|UZINS362-23|Slovakia|BOLD:AAZ6101|
- Xanthandrus comtus|CNC DIPTERA 106142|CNCDB3504-11|Russia|BOLD:AAZ6101|KF919059
Xanthandrus comtus|BC-ZSM-DIP-24054-G05|AMTPE 1217-15|Germany|BOLD:AAZ6101|
Xanthandrus comtus|BC-ZSM-DIP-24053-E12|AMTPE1105-15|Germany|BOLD:AAZ6101|
Xanthandrus comtus|NHMUKO014444619|DTNHM5524-23|United Kingdom|BOLD:AAZ6101|
Xanthandrus comtus|CNC DIPTERA 106141|CNCDB3503-11|Russia|BOLD:AAZ6101|
Xanthandrus comtus|ZFMK-TIS-2605742|GDIP3170-21|Germany|BOLD:AAZ6101|
- Xanthandrus comtus|LPRC2021-2254|LPRCI1936-21|France|BOLD:AAZ6101|
Xanthandrus comtus|MW077846|GBMNF29726-22|BOLD:AAZ6101|MW077846
Xanthandrus comtus|EF127340|GBDP6132-09|Greece||EF 127340
Xanthandrus comtus|MHZ_HP.502|FIDIP502-11|Finland|BOLD:AAZ6101|MZ624659
Xanthandrus comtus|NORSY442|NORSY442-15|Norway|BOLD:AAZ6101|
Xanthandrus comtus|ZFMK-TIS-8005558|SYGEO201-19|Georgia|BOLD:AAZ6101|MN622119
Xanthandrus comtus|ZFMK-TIS-8002771|SYGEO255-19|Georgia| BOLD:AAZ6101|MN622116
Xanthandrus comtus|ZFMK-TIS-8000126|SYGEO274-19|Georgia| BOLD:AAZ6101|MN622114
Xanthandrus comtus|ZFMK-TIS-8002672|SYGEO286-19|Georgia|BOLD:AAZ6101|MN622117
Xanthandrus comtus|ZFMK-TIS-8002700|SYGEO310-19|Georgia| BOLD:AAZ6101|MN622115
Xanthandrus comtus|ZFMK-TIS-8002737|SYGEO342-19|Georgia| BOLD:AAZ6101|MN622118
- Bot_Speci |SYROC320-15[Portugal| BOLD:AAZ6101|
Xanthandrus comtus|ZFMK-TIS-2516453|GDIP1978-21|Germany|BOLD:AAZ6101|
Xanthandrus comtus|BC-ZSM-DIP-24052-A09|AMTPD4474-16|Germany|BOLD:AAZ6101|
Xanthandrus comtus|BC-ZSM-DIP-24053-E02|AMTPE1095-15|Germany|BOLD:AAZ6101|
Xanthandrus comtus|BC-ZSM-DIP-24054-HO3|AMTPE1227-15|Germany|BOLD:AAZ6101|
60.6] [~ Xanthandrus comtus|CNCS667 10/CNCFF550-16|Japan|BOLD:AAZ6101|
Xanthandrus comtus|ZFMK-TIS-2005817|GDIP1620-21|Germany|BOLD:AAZ6101|
54.3 | Xanthandrus comtus|ZFMK:TIS-2604366/GDIP3041-21]Germany [BOLD:AAZS101]
Xanthandrus comtus|ZFMK-TIS-8002701|SYGEO311-19|Georgia| BOLD:AAZ6101|MN622120
53-2r Xanthandrus comtus|CNC Diptera 229470|SYJU122-14|Russia|BOLD:AAZ6101|
Xanthandrus comtus|ZFMK-TIS-2547374|CZFMK047-22|Georgia| BOLD:AAZ6101|
99.7 Xanthandrus agrolas|CNC384037|SYRAUO017-15|Australia| BOLD:AAW1001|
Xanthandrus agrolas|CNC DIPTERA 106441|CNCDB3760-11|Australia| BOLD:AAW1001|

[~

65.

[

agrolas|CNC385026|SYROC473-15| ia|BOLD:AAW1001|
X 1s agrolas|CNG: YROC472-15] ia|BOLD:AAW1001]
Xanthandrus agrolas|CNC384039|SYRAUO018-15|Australia| BOLD:AAW1001|
Xanthandrus|BIOUG00804-B12|DPAS864-11|Australia] BOLD:AAW1001|
Xanthandrus agrolas|CNC385024|SYROC471-15|Australia| BOLD:AAW 1001|MW474042
Xanthandrus agrolas|Jeff_Skevington_Specimen20536|SYCNC119-16|Australia| BOLD:ADA0393|
Xanthandrus agrolas|QM_REG._NO._T222660|SYROC914-15|Australia| BOLD:AEA8363|
Xanthandrus sp. 88-7|QM_REG._NO._T220128|SYROC916-15|Australia|BOLD:ACY9291|

Xanthandrus agrolas|CNC385817|SYRAU187-15|Australia| BOLD:AEB1692|

0, Xanthandrus|29-007129|SYROC918-15|Australia|BOLD:ACY9292|
Xanthandrus|29-007128|SYROC919-15|Australia| BOLD:ACY9292|

0.002

Figure 2. Phylogenetic relationships among the species of Xanthandrus Verrall, 1901, based on the 5-end
fragment of the COI gene. The number at each node shows the posterior probability in the ML analysis.
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Figure 3. Heatmap of pair-wise K2P genetic distances. This heatmap depicts the genetic distances
between each sampled individual based on the mitochondrial COIl gene.

Figure 4. Banjosa Lake, Rawalakot. a) habitat photograph of Xanthandrus garhwalensis, b) host plant:
Strobilanthes attenuata, c) live habitus of female X. garhwalensis; d-f) Margalla Hills National Park,
Islamabad Capital Territory.

DISCUSSION

Before this study, X. garhwalensis was only known from its type locality in
Ramgarh, Dehradun, Uttarakhand in India, which was originally part of Uttar Pradesh
before becoming part of Uttarakhand State. Ghorpadé (2014, 2015), Shah,Jan, &
Wachkoo (2014), Mitra et al. (2015), and Sengupta et al. (2016) listed this species
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from Uttarakhand State. Sengupta et al. (2016) also listed this species from Uttar
Pradesh, but upon review of the original literature, it was confirmed that the type
locality, Ramgarh, was indeed within Uttar Pradesh at the time and later became
part of Uttarakhand. The present record from Pakistan, however, suggests that this
species has a broader geographical distribution along the Himalayan foothills (Fig. 5).

60°18.000" 70°18.00( 90°18.000"

30°18.000"
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Figure 5. Global distribution map of Xanthandrus garhwalensis (red dot with number 1 represents the type
locality; blue dots represent new locality records).
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