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Abstract. The hangingflies (Bittacidae Handlirsch, 1906) and the scorpionflies (Panorpidae Latreille,
1802) are the two largest groups within the holometabolous order Mecoptera Packard, 1886. In this
paper, a new hangingfly and two new scorpionflies are described: 1) Bittacus yunlongensis sp. nov.,
characterized by the greatly elongated and finger-shaped distal portion of male epandrial lobe, and
greatly elongated upper and lower branches of proctiger; 2) Dicerapanorpa dajinhuang sp. nov.,
recognized mainly by the ventral branch of male parameres bearing small barbs on inner margin, and
3) D. jialiangjiei sp. nov., characterized by the bifurcated middle branch and sinuate distal portion of
dorsal branch of male parameres. These new discoveries enrich the known species number of Bittacus
Latreille, 1802 from one to two and Dicerapanorpa Zhong & Hua, 2013 from twelve to fourteen in
Yunnan Province.
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Introduction

Yunnan Province is located in the southwestern part of China, bordered by Myanmar to the west, Laos
to the south, and Vietnam to the southeast. Due to its complex topography, this region supports a wide
range of habitats, and has a high degree of genetic diversity and abundance of endemic species (Yang
et al. 2004; Yu et al. 2022). It is located at the intersection of three global biodiversity hotspots, i.e.,
Indo-Burma, the mountains of Southwest China, and the eastern Himalayas (Myers et al. 2000; Wan
et al. 2021). Recent studies have highlighted the underestimated diversity of the insect order Mecoptera
Packard, 1886 in this region (Wang & Hua 2018; Hu & Hua 2019, 2020; Wang 2021, 2024; Wang &
Zhao 2024).
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The holometabolous order Mecoptera is generally represented by the hangingflies (Bittacidae) and the
scorpionflies (family Panorpidae). The species of Bittacidae Handlirsch, 1906 are widely distributed all
over the world, and are predators for having three pairs of raptorial legs and feeding on small invertebrates
(Byers & Roggero 1992). They can only hang themselves on the edges of branches or leaves, but are
unable to stand or walk on a surface, hence their common name ‘hangingflies’ (Thornhill 1978; Palmer
2010; Wang & Hua 2022). As they approach a prey, the fifth tarsomere of the middle- and hindlegs folds
back against the fourth tarsomere, enabling effective capture. During mating rituals, males of some
species of Bittacus Latreille, 1802 offer females a prey as a nuptial gift (Thornhill 1978). This family
currently comprises 21 extant genera and over 200 described species (Byers 1979; Penny & Byers 1979;
Bicha 2018; Machado et al. 2018; Savitsky & Timokhov 2021; Midgley & Bellingan 2023; Nakamura &
Bicha 2023). Among them, 61 species in three genera have been documented in China, including 47
species in Bittacus, five species in Bicaubittacus Tan & Hua, 2009, and nine species in Terrobittacus
Tan & Hua, 2009 (Tan & Hua 2009a, 2009b; Chen et al. 2013; Du & Hua 2017; Wang & Hua 2017,
2022; He & Hua 2022, 2023; He et al. 2024). The largest genus, Bittacus, is likely a paraphyletic group
that includes several monophyletic small genera (Whiting 2002).

Panorpidae Latreille, 1802 are the most speciose family in the order Mecoptera, and widely distributed
throughout Eurasia and North America (Kaltenbach 1978; Penny & Byers 1979; Byers & Thornhill 1983).
They are commonly known as scorpionflies, because their enlarged and recurved male genitalia, which
resemble the stinger of scorpions (Byers & Thornhill 1983). The members of Panorpidae are currently
assigned in two subfamilies and 13 genera: Panorpinae Latreille, 1802, with nine genera (§Baltipanorpa
Krzeminski & Soszynska-Maj, 2012, Calliopanorpa Willmann, 2024, Cerapanorpa Gao, Ma & Hua,
2016, Dicerapanorpa Zhong & Hua, 2013, Furcatopanorpa Ma & Hua, 2011, Mavropanorpa Willmann,
2024, Megapanorpa Wang & Hua, 2019, Panorpa Linnaeus, 1758 (type genus of the subfamily and
family), and Sinopanorpa Cai & Hua, 2008), and Neopanorpinac Wang & Hua, 2021, with four genera
(Leptopanorpa MacLachlan, 1875, Neopanorpa van der Weele, 1909, and probably Phine Willmann,
2022 and Lulilan Willmann, 2022) (Bicha 2015; Wang & Hua 2019; Willmann 2022, 2024). The main
diagnostic character of Dicerapanorpa is a pair of finger-like anal horns on the apex of the male T6, the
usually trifurcated parameres of the male genitalia, and the concealed axis of the female medigynium
(Zhong & Hua 2013). The anal horns are utilized to clasp the female’s terminal abdomen during
copulation (Zhong & Hua 2015). This genus currently comprises 26 species, all of which are endemic
to China (Zhong & Hua 2013; Wang 2022; Wang & Hua 2022).

In this paper, one new species of Bittacus and two new species of Dicerapanorpa are described from
Yunnan, China. These new discoveries enrich the known species number of Bittacus from one to two
and Dicerapanorpa from twelve to fourteen in Yunnan Province.

Material and methods

All the material examined in this study is deposited in the Biological Science Museum, Dali University
(BMDU). Adult insects were caught with a collecting net, preserved in 95% ethanol or pinned.
Photographs were taken with a Nikon D850 digital camera in conjunction with a Nikkor AF-S Micro
105 mm /2.8 lens (habitus), or a Canon R5 digital camera in conjunction with a Canon MP-E 65 mm
/2.8 1-5% macro lens (the other images). The female habitus in dorsal view were modified to omit the
left antenna, wings, and legs. All pictures were adjusted and grouped with Adobe Photoshop CC. The
terminology and measurements follow Wang & Hua (2021).

The following acronyms are applied in the main text:

1A = first anal vein (and so forth for other anal vein)
Al first abdominal segment (and so forth for other segments)
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AbL
AtL
Av
BL
FL
FM
FRs
Fw
HL
HW
Pcv
S1
Sc
Scv
T1

abdomen length

antenna length

anal crossvein

body length

forewing length

fork of media

fork of radial sector

forewing width

hindwing length

hindwing width

pterostigmal crossvein

first sternum (and so forth for other sterna) (also on figures)
subcosta

subcostal crossvein

first tergum (and so forth for other terga) (also on figures)

The following abbreviations are used in the figures:

Ae
Ax
Ce
DBP
DV
EL

StH
UBP
VBP
\'A%

aedeagus

axis

cercus

dorsal branch of paramere
dorsal valve

epandrial lobes

epandrium

gonocoxites

gonostylus

hypovalve

lower branch of proctiger
middle branch of paramere
main plate

posterior arm

penisfilum

subgenital plate

stalk of hypandrium

upper branch of proctiger
ventral branch of paramere
ventral valve
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Results
Taxonomy

Class Insecta Linnaeus, 1758
Order Mecoptera Packard, 1886
Suborder Pistillifera Willmann, 1987
Infraorder Raptipedia Willmann, 1987
Family Bittacidaec Handlirsch, 1906
Genus Bittacus Latreille, 1802

Bittacus yunlongensis sp. nov.
urn:lsid:zoobank.org:act:14A27284-EE50-4B95-BDBC-96AE6F7354BB
Figs 1-2

Diagnosis

This new species is most similar to Bittacus vexilliferus Byers, 1970 among its congeners, but differs
from the latter by the following features: in males, 1) T8 with triangular protrusion laterally (Fig. 2D,
vs lacking) and a black biconical marking at middle (Fig. 2D, vs lacking); 2) epandrial lobe with basal
portion subtrapezoidal and distal half elongated, finger-shaped, and greatly curved dorsad (Fig. 2D, F, vs
epandrial lobes long and rectangular); and 3) aedeagus with base stout and with rounded flanks (Fig. 2D,
F, vs with a broad, thin, apically indented lobe at each side of the base).

Etymology
The new species is named after the type locality, Yunlong County. Adjective.

Fig. 1. Bittacus yunlongensis sp. nov. Living male from Yunlong.
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Type material

Holotype
CHINA — Yunnan Province ¢ J; Dali Bai Autonomous Prefecture, Yunlong County; 25°51'08” N,
99°15'09" E; 2560 m a.s.l.; 20 Jul. 2023; L.-J. Jia, J.-L. Li and J.-S. Wang leg.; BMDU, CNYL23Bi001.

Paratype
CHINA - Yunnan Province * 1 Q; same data as for holotype; BMDU, CNYL23Bi002.

Description

MEASUREMENTS (mm). Male (holotype). AtL 9.1, AbL 12.2, BL 17.3, FL 22.7, FW 5.5, HL 20.3, HW 4.7.
Female (paratype). AtL 9.0, AbL 13.0, BL 18.0, FL 23.0, FW 5.6, HL 21.0, HW 4.8.

Fig. 2. Bittacus yunlongensis sp. nov. A-F. Holotype, & (BMDU, CNYL23Bi001). G-H. Paratype,
(BMDU, CNYL23Bi002). A. Habitus, dorsal view. B. Head, dorsal view. C. Articulation of basitarsus
and tibia, and tarsomeres [-V. D. Male terminalia, right-lateral view. E-F. Male terminalia, dorsal view.
G. Female terminalia, lateral view. H. Female terminalia, ventral view. Abbreviations: see Material and
methods.
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Male
Heap (Fig. 2B). Vertex uniformly orange-yellow. Ocellar triangle black. Compound eyes blackish
brown. Rostrum three times as long as wide. Fifth segment of maxillary palp orange-yellow. Labial
palps light brown, with second segment twice as long as first.

Traorax (Fig. 2A, C). Pronotum dark brown, with light brown crescent-shaped area on anterior margin.
Mesonotum and mesoscutellum blackish brown marginally and light brown at middle. Legs light brown.
Tibia orange with two apical spurs. Tarsomeres [-III lined with long black setae and also with several
shorter setae. Tarsomeres [-IV with one to two black setae apically, and tarsomeres [1I-V with more
short setae on ventral part.

WinGs (Fig. 2A). Wing membrane hyaline, tinged with yellowish brown. Pterostigma yellowish brown
and prominent; thyridium conspicuous with pale border at FM; 1A terminating beyond FM; Sc ending
beyond level of FRs. With one Scv and Av absent. Its left wings with one Pcv, while right with two Pcv.

AspoMEN (Fig. 2A, D). T2-T5 unevenly dark brown, each with narrow black antecosta, forming distinct
light and dark patterns. T8 with triangular protrusion caudo-laterally and black biconical marking at
dorsal portion.

GeniTaLia (Fig. 2D-G). Epandrial lobes approximately twice as long as gonocoxites, with basal portion
subtrapezoidal and distal half elongated, finger-shaped, and greatly curved dorsad. Gonocoxites enlarged
with cluster of slender bristles terminally. Gonostyli short and blunt distally. Aedeagus with stout base
and rounded flanks. Penisfilum greatly elongated and coiled into loop wider than epandrial lobes. Upper
branch of proctiger slightly longer than epandrial lobes, and enlarged apically in goose head-shape
with tuft of long setae. Lower branch of proctiger slender and rather straight, slightly longer than upper
branch of proctiger. Cerci slender and rod-shaped.

Female
Habitus similar to males.

GenitaLiA (Fig. 2G-H). Subgenital plate greatly inflated with thick long setae apically. Cerci slender and
acute terminally.

Distribution

China: Yunnan (Yunlong).

Infraorder Opisthogonopora Willmann, 1987
Superfamily Panorpoidea Latreille, 1802
Family Panorpidae Latreille, 1802
Subfamily Panorpinae Latreille, 1802
Genus Dicerapanorpa Zhong & Hua, 2013

Dicerapanorpa dajinhuang sp. nov.
urn:lsid:zoobank.org:act:D237C065-F26C-4DC7-B2A1-A0DD504244FA
Figs 34

Diagnosis

The new species can be differentiated from its congeners by the following combination of characters: in
males, 1) paramere with ventral branch greatly elongated and bearing small barbs on subbasal portion
of inner margin (Fig. 4H-I); and in females, 2) medigynium with broad basal plate and slender posterior
arms (Fig. 4L).
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Etymology

The specific epithet dajinhuang is a Chinese compound word depicting things ‘big and yellow’. Treated
as a noun in apposition.

Type material

Holotype
CHINA — Yunnan Province ¢ &; Dali Bai Autonomous Prefecture, Yunlong County; 25°51'08” N,
99°15'09" E; 2560 m a.s.l.; 1 Jul. 2024; L.-J. Jia, J.-L. Li and J.-S. Wang leg.; BMDU, CNYL24Di001.

Paratypes
CHINA — Yunnan Province * 1 &; same data as for holotype; BMDU, CNYL24Di002 « 11 9 2; same
data as for holotype; BMDU, CNYL24Di003 to CNYL24Di013.

Description

MEASUREMENTS (mm). Male (holotype and paratype, n = 2). AtL 13.4-13.6, AbL 12.9-13.1, BL 17.9-
18.0, FL 15.8-16.1, FW 3.7-3.8, HL 14.0-14.2, HW 3.6-3.7. Female (paratypes, n = 11). AtL 13.0-14.0,
AbL 7.5-8.0, BL 13.0-14.0, FL 15.0-17.5, FW 3.8-4.0, HL 13.5-14.0, HW 3.6-3.8.

Males
Heap (Fig. 4A). Vertex unevenly yellow without black spots. Ocellar triangle enclosed by large black
arrow-shaped pattern. Rostrum yellow with pair of black frontal stripes.

Traorax (Fig. 4A). Pronotum with five thick setae along each side of anterior margin. Meso- and
metanotum black laterally, with broad yellow median stripe. Pleura and coxae yellow, rest parts of legs
dark brown to black.

Fig. 3. Dicerapanorpa dajinhuang sp. nov. Living female from Yunlong.
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WinGs (Fig. 4A). Membrane hyaline, lacking distinct markings except speckled apical band. Pterostigma
light yellowish brown.

ABDOMEN (Fig. 4A, C). T2-T5 black laterally with broad, yellow, median stripe. A6 yellowish brown
with pair of obtuse-rounded and divergent anal horns on dorsal apex. A7 and A8 greatly constricted at
base, yellowish brown. A7 almost as long as A8. Epandrium broad, deeply emarginated terminally and
forming pair of finger-like processes laterally. Hypandrium split into pair of long, stripe-like hypovalves
with extremely short basal stalk. Hypovalve slightly broadening towards rounded apex, with row of long
stout bristles along inner margin.

Fig. 4. Dicerapanorpa dajinhuang sp. nov. A, C, F, H. Holotype, & (BMDU, CNYL24Di001). B,
J-L. Paratype, @ (BMDU, CNYL24Di002). D-E, G, 1. Paratype, & (BMDU, CNYL24Di003).
A-B. Habitus, dorsal view. C. Male T6-T7, dorsal view. D. Genital bulb, dorsal view. E-G. Genital
bulb, ventral view. H-I. Right paramere, ventral view. J. Female terminalia, lateral view. K. Female
terminalia, ventral view. L. Medigynium, ventral view. Abbreviations: see Material and methods. Red
arrowheads indicate small barbs on ventral branch of parameres.
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GenitaLia (Fig. 4D-1). Gonostyli shorter than gonocoxites, with well-developed basal lobe and elongated,
acute middle tooth; basal lobe bifurcated into acute apexes. Paramere trifurcate: ventral branch long
and straight with one-two small barbs on subbasal portion of inner margin; median branch longest and
curved inward; dorsal branch greatly curved inward and slightly curved caudad distally. Ventral valves
of aedeagus membranous and greatly protruded; dorsal valves bearing long setae basally with greatly
elongated dorsal processes.

Females
Habitus (Fig. 4B) similar to males except for denser markings.

GeniTaLia (Fig. 4J-L). Subgenital plate oval and bearing long stout setae apically. Medigynium (Fig. 4L)
with broad basal plate; main plate broader than base of posterior arms; posterior arms slender and
slightly shorter than main plate, rounded terminally.

Distribution

China: Yunnan (Yunlong).

Dicerapanorpa jialiangjiei sp. nov.
urn:lsid:zoobank.org:act:3FCCS5DA7-A857-47DF-99AB-E834BB3E04FB
Fig. 5

Diagnosis

The new species greatly resembles D. tjederi (Carpenter, 1938) in the bifurcated middle branch of the
male parameres (Fig. 5F). However, it can be differentiated from the latter by the following characters:
in males, 1) median tooth and basal lobe of gonostyli widely separated (Fig. SE-F, vs closely adjoined);
2) ventral valves of aedeagus short and subtriangular (Fig. SE-F, vs elongated and rounded); and in
females, 3) medigynium with posterior arms rounded terminally (Fig. 5B, I, vs rather truncated).

Etymology

Named after its discoverer and collector, Liang-Jie Jia. Noun in the genitive case.

Type material

Holotype
CHINA — Yunnan Province ¢ &; Lijiang Prefecture, Yulong Naxi Autonomous County, Shitou
Bai Township; 26°4823.62" N, 99°36'39.11" E; 2840 m a.s.l.; 8 Jul. 2024; L.-J. Jia leg.; BMDU,
CNYLNX24Di001.

Paratype
CHINA — Yunnan Province * 1 ©; same data as for holotype; BMDU, CNYLNX24Di002.

Description

MEASUREMENTS (mm). Male (holotype). AtL. 12.7, AbL 10.5, BL 14.3, FL 14.0, FW 3.4, HL. 12.5, HW 3.3.
Female (paratype). AtL 11.6, AbL. 9.8, BL 15.7, FL 15.2, FW 3.8, HL 14.1, HW 3.7.

Male
Heap (Fig. 5A). Vertex yellow with black spots. Ocellar triangle enclosed by large black arrow-shaped
pattern.

Traorax (Fig. SA). Pronotum with six black thick setae along each side of anterior margin. Meso- and
metanotum black laterally, with broad yellow median stripe half as wide as nota.
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WinGs (Fig. 5A). Membrane hyaline, lacking distinct markings. Pterostigmal band represented by
indistinct triangular spots in forewings. Pterostigma dark gray.

ABDOMEN (Fig. SA, C). T2-T4 black laterally with broad yellow median stripe, T5 mostly yellow. A6
yellowish brown with pair of divergent and finger-shaped anal horns on dorsal apex. A7 and A8 yellowish
brown, constricted greatly at base. A8 slightly longer than A7. Epandrium broad, emarginated terminally
and forming pair of stout processes laterally. Hypandrium split into pair of long, stripe-like hypovalves.
Hypovalves slightly broadening towards apex, with row of long stout and short dense bristles spaced
along inner margin.

—— ;
— S — %

3

E

Fig. 5. Dicerapanorpa jialiangjiei sp. nov. A, C-F. Holotype, & (BMDU, CNYLNX24Di001). B,
G-1. Paratype, § (BMDU, CNYLNX24Di002). A-B. Habitus, dorsal view. C. Male T6-T7, dorsal
view. D. Genital bulb, dorsal view. E-F. Genital bulb, ventral view. G. Female terminalia, lateral view.
H. Subgenital plate, ventral view. I. Medigynium, ventral view. Abbreviations: see Material and methods.
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GenitaLia (Fig. SD-F). Gonostyli and gonocoxites approximately same length. Gonostyli with greatly
developed and hook-like basal process and short, acute middle tooth. Parameres trifurcate: ventral and
median branch straight, ventral branch shorter than median branch; middle branch bifurcated subapically;
distal portion of dorsal branch sinuate. Ventral valves of acdeagus membranous and subtriangular; dorsal
valves with slightly elongated dorsal processes.

Female
Habitus (Fig. 5B) generally similar to males except for denser wing markings represented by subtriangular
pterostigmal bands in fore- and hindwings.

GeniTaLia (Fig. 5G-I). Subgenital plate with prominent terminal protuberance, and bearing long stout
setae apically. Laterotergites subtriangular. Medigynium with broad basal plate; main plate wider than
base of posterior arms; posterior arms slightly shorter than main plate with rounded apex.

Distribution

China: Yunnan (Lijiang).

Discussion

Hangingflies are known for their unique belly-to-belly mating posture while hanging (Wei ef al. 2020).
In this study, the male of B. yunlongensis sp. nov. exhibits greatly elongated upper and lower branches of
the proctiger, and a long, coiled penisfilum that forms a loop wider than the epandrial lobes (Fig. 5D-F).
According to Wei et al. (2020), the upper and lower branches of the proctiger facilitate the insertion
of the male penisfilum into the female copulatory pore during copulation in Terrobittacus implicatus
(Huang & Hua, 2006). Consequently, we hypothesize that the exceptionally elongated upper and lower
branches of the proctiger also serve a similar function in facilitating the insertion of the penisfilum
in B. yunlongensis. However, the mating behavior of this species remains unobserved, and the exact
function of these structures awaits further research.

Unlike other scorpionflies that prefer mesic forests, D. dajinhuang sp. nov. and D. jialiangjiei sp. nov.
typically inhabit open grassland with abundant shrubs. To avoid excessive solar radiation, they often
seek refuge among stems and leaves. This preference is very similar to those reported for D. triclada
(Qian & Zhou, 2001) and D. tjederi by Wang (2021). During our field surveys, we observed that
both D. dajinhuang and D. jialiangjiei exhibited a ‘feigning death’ behavior: upon being disturbed,
they immediately play dead and fall into the grass. Despite its larger body size compared to the other
sympatric scorpionflies (such as Neopanorpa pendula Qian & Zhou, 2001 and Panorpa dalangba Wang,
2024), D. dajinhuang is relatively timid: they flee immediately when approached by other individuals
(whether of the same or different species) during feeding. When attracted to the same food source as
other scorpionflies, they linger around and are difficult to approach.

These new discoveries enrich the known species number of Bittacus from one to two and Dicerapanorpa
from twelve to fourteen in Yunnan Province.
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