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Abstract. Panorpa Linnaeus, 1758 is the largest genus in the scorpionfl y family Panorpidae. In this 
paper, a taxonomic review of the Panorpa wormaldi group is provided, with two new species described 
from China: Panorpa fengyanga Wang & Suzuki, sp. nov. from Zhejiang, and Panorpa zhuohengi 
Wang & Suzuki, sp. nov. from Guangdong. The male of Panorpa implicata Cheng, 1957 is discovered 
and described for the fi rst time. A distributional map and keys to species are also provided for this 
group. Species number in this group is updated from 17 to 19. In addition, their biogeographical and 
evolutionary implications are briefl y discussed.
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Introduction
Members of the family Panorpidae Latreille, 1802 are commonly called ʻscorpionfl iesʼ due to their 
males’ enlarged and recurved genitalia, which give a resemblance to the scorpion’s stinger. Panorpa 
Linnaeus, 1758 is the largest genus in this family, with approximately 260 species distributed among 
Europe, Asia and North America. Recently, this genus is considered a paraphyletic group and probably 
deserves further split (Wang & Hua 2021).

The Panorpa wormaldi group was fi rstly introduced by Issiki (1933) for six species from Japan (Honshu 
and Kyushu) and China (Taiwan). Members of this group are mainly characterized by: wings held roof-
like over abdomen at repose, male gonostyli (= dististylus) very short, approximately half as long as 
gonocoxites, and female medigynium with a greatly sclerotized dorsal plate, greatly elongated posterior 
arms and axis, and poorly developed main plate. Subsequently, twelve similar species were described 
from China (Issiki 1927; Carpenter 1945; Issiki & Cheng 1947; Cheng 1957; Byers 1970, 2002; Chou 
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et al. 1987) and Japan (Issiki 1929; Miyamoto 1984, 1985; Nakamura 2009), and can be assigned into 
this group under Issiki’s criteria. However, these species lack a comprehensive review, impeding a 
further revision of the genus Panorpa at a global scale.

In this study, we present a taxonomical revision of the P. wormaldi group, with two new species 
described from Guangdong and Zhejiang, China. The male of Panorpa implicata Cheng, 1957 is fi rstly 
discovered and described. A distributional map and keys to species are also provided. In addition, the 
biogeographical and evolutionary implications of this group are briefl y discussed.

Material and Methods
All the material examined in this study is deposited in the Biological Science Museum, Dali University, 
Dali (DALU), or Sun Yat-sen University, Guangzhou (SYSU). Adult scorpionfl ies were caught with a 
collecting net, and preserved in 95% ethanol or pinned. Photographs were taken with a Nikon D7000 
digital camera in conjunction with a Nikkor AF-S Micro 105 mm f/2.8 lens (Figs 1F, 2A–B, 3A–B, 4, 
5A–B), a Sony Alpha 77 II digital camera in conjunction with a Sony 50 mm f/2.8 macro lens (Fig. 1A–
E, G–I), or a Nikon D7000 digital camera in conjunction with a Canon MP-E 65 mm f/2.8 1-5X macro 
lens with a handmade mount adapter (other images). Measurements follow Wang & Hua (2021). The 
female habitus images were modifi ed to omit the left antennae, wings and legs. The map was obtained 
from SimpleMappr (http://www.simplemappr.net) and modifi ed in Adobe Illustrator ver. CC to add 
distributional information. All pictures were adjusted and grouped with Adobe Photoshop ver. CC.

Abbreviations for morphological terms used in the main text
Terminology follows Mickoleit (1975, 1976) and Willmann (1989). 

A1 = fi rst abdominal segment
AbL = abdomen length
AtL = antenna length
BL = body length
FL = forewing length
FW = forewing width
HL = hindwing length
HW = hindwing width
ORs = origin of Rs
S1 = fi rst sternum
T1 = fi rst tergum (and so forth for other segments)

Abbreviations for morphological terms used in the fi gures
The male abdominal segments are indicated by Roman numerals.

Ae = aedeagus
Ap = apodeme of axis
Ax = axis
Ce = cercus
DPI = dorsal plate
DPr = dorsal process
DV = dorsal valve
Ep = epandrium
Gcx = gonocoxite
Gs = gonostylus
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Hv = hypovalve
LPr = lateral process
MP = main plate of medigynium
PA = posterior arm
Pm = paramere
StH = stalk of hypandrium
StP = stalk of paramere
VV = ventral valve

Results
Taxonomy

Class Insecta Linnaeus, 1758
Order Mecoptera Packard, 1886

Suborder Pistillifera Willmann, 1987
Superfamily Panorpoidea Latreille, 1802

Family Panorpidae Latreille, 1802
Subfamily Panorpinae Latreille, 1802

Genus Panorpa Linnaeus, 1758

The Panorpa wormaldi group sensu Issiki, 1933
Figs 1–6

Diagnosis
This group of species was originally recognized by the following characters: 1) rostrum relatively short 
and stout; 2) wings held roof-like over abdomen at repose; in males, 3) gonostyli (= dististyli) very short, 
approximately half as long as gonocoxites; 4) parameres often furcated and bearing long stout spines; 
5) aedeagus with lateral processes greatly elongated; and in females, 6) medigynium with a greatly 
sclerotized dorsal plate, greatly elongated posterior arms and axis, and poorly developed main plate.

Distribution

Oriental Region: China and Japan (Fig. 6).

Panorpa wormaldi  MacLachlan, 1875
Figs 1A, 6

Panorpa Wormaldi (sic!) MacLachlan, 1875: 186 (type locality: Yokohama, Japan).

Panorpa Wormaldi (sic!) – Miyaké 1908: 1; 1910: 187; 1913: 358, pl. 31, fi g. 14; pl. 36, fi g. 18; text 
fi g. 2m.

Panorpa wormaldi – Esben-Petersen 1915: 221; 1921: 37, fi gs 35–36; pl. 1, fi g. 11. — Penny & Byers 
1979: 381. — Miyamoto 1985: 201, fi g. 2g–h.; 1988: 42, fi g. 13.

Diagnosis
This species is characterized by the following features: 1) wings with several slender transverse stripes 
arranged into two reversed Y-shaped patterns; and 2) male hypovalves slender with a blunt process at 
middle portion of inner margin, and tapering in distal half.



WANG J.-S. & SUZUKI T., Review of the Panorpa wormaldi group

21

Distribution
Japan: Honshu (Kanagawa, Nagano, Nara, Tokyo, and Yamanashi) (Fig. 6).

Panorpa striata Miyaké, 1908
Figs 1B, 6

Panorpa striata Miyaké, 1908: 6, pl. 1, fi gs 1, 1a–b (type locality: Japan).

Panorpa striata – Miyaké 1910: 187; 1913: 359, pl. 36, fi g. 19; text fi g. 2s. — Esben-Petersen 1915: 
221; 1921: 38. — Penny & Byers 1979: 380.

Aulops striata – Enderlein 1910: 390. — Miyamoto 1988: 42; 1994: 223.

Diagnosis
This species is similar to Panorpa wormaldi MacLachlan, 1875, but can be differentiated from the latter 
by the following characters: 1) wings with an additional short stripe between two reversed Y-shaped 

Fig. 1. Habitus of the Panorpa wormaldi group, males. A. Panorpa wormaldi MacLachlan, 1875. 
B. P. striata Miyaké, 1908. C. P. multifasciaria Miyaké, 1910. D. P. kiusiuensis Issiki, 1929. 
E. P. tsunekatanis Issiki, 1929. F. P. gressitti Byers, 1970. G. P. amamiensis Miyamoto & Makihara, 
1984. H. P. okinawaensis Nakamura, 2009. I. P. tokunoshimaensis Nakamura, 2009. ©Ji-Shen Wang 
(F) and Tomoya Suzuki (A–E, G–I).
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patterns along hind margin (cf. lacking such a stripe); and 2) male hypovalves greatly shortened and 
shorter than basal stalk of hypandrium (cf. longer).

Distribution
Japan: Shikoku (Ehime and Tokushima) (Fig. 6).

Panorpa multifasciaria Miyaké, 1910
Figs 1C, 6

Panorpa multifasciaria  Miyaké, 1910: 196 (type locality: Gifu, Japan).

Panorpa multifasciaria – Miyaké 1913: 360, pl. 36, fi g. 20. — Esben-Petersen 1915: 221; 1921: 38, 
fi gs 37–38; pl. 1, fi g. 10. — Penny & Byers 1979: 379. — Miyamoto 1988: 42. — Suzuki & Suzuki 
2015: 51, fi gs 1, 3.

Diagnosis
This species is very similar to Panorpa striata Miyaké, 1908 by the greatly shortened male hypovalves, 
but can be readily differentiated from the latter by the lack of two reversed Y-shaped patterns on the 
wings.

Distribution
Japan: Honshu (Gifu, Hiroshima, Hyōgo, Nagano, and Toyama) (Fig. 6).

Panorpa ochraceocauda Issiki, 1927
Fig. 6

Panorpa ochraceocauda Issiki, 1927: 3, fi g. 3 (type locality: Tattaka (= Sungkang), Formosa (= Taiwan), 
China).

Panorpa ochraceocauda – Issiki & Cheng 1947: 2. — Penny & Byers 1979: 379. — Hsu et al. 1999: 
153. — Byers 2002: 253. — Wang & Hua 2018: 292, fi g. 3-145-1.

Diagnosis
This species can be recognized by the following characters: 1) wings with greatly reduced markings 
represented by a spot-like pterostigmal band; and 2) male parameres trifurcated and concealed in 
gonocoxital cavity.

Distribution
China: Taiwan (Nantou) (Fig. 6).

Panorpa peterseana Issiki, 1927
Fig. 6

Panorpa peterseana Issiki, 1927: 2, fi g. 2a–b (type locality: Shinsuiei (= Jinshuiying), Formosa 
(= Taiwan), China).

Panorpa peterseana – Issiki & Cheng 1947: 11, fi gs 51–52. — Penny & Byers 1979: 380. — Hsu et al. 
1999: 153. — Wang & Hua 2018: 296, fi gs 3-148-1, 3-148-2. — Bicha et al. 2020: 1001, fi g. 2.
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Diagnosis
This species is characterized by the following combination of features: 1) yellow occiput with a trident-
shaped dark brown pattern; 2) wing markings reduced with an oblique and often unbranched pterostigmal 
band; and 3) male parameres trifurcated, with dorsal branch greatly elongated beyond middle portion of 
gonostylus, and bearing numerous long spines along inner margin.

Distribution
China: Taiwan (Chiayi, Nantou, Pingtung) (Fig. 6).

Panorpa kiusiuensis Issiki, 1929
Figs 1D, 6

Panorpa kiusiuensis Issiki, 1929: 302, fi g. 19 (type locality: Gokanoshō, Kiusiu (= Kyushu), Japan).

Panorpa kiusiuensis – Penny & Byers 1979: 378. — Miyamoto 1988: 42, fi g. 15. — Miyamoto & 
Nakamura 2008: 232, pl. 88, fi g. 1359.

Diagnosis
This species is superfi cially similar to Panorpa multifasciaria Miyaké, 1910, but can be readily 
differentiated from the latter by the following characters: 1) wing markings more reduced; and 2) male 
hypovalves long, almost as long as basal stalk of hypandrium (cf. shorter than basal stalk).

Distribution
Japan: Kyushu (Fukuoka, Kagoshima, Kumamoto, Oita, Saga) (Fig. 6).

Panorpa tsunekatanis Issiki, 1929
Figs 1E, 6

Panorpa tsunekatanis Issiki, 1929: 299, fi gs 17–18 (type locality: Kamikōchi, Shinano, Honsiu 
(= Honshu), Japan).

Panorpa tsunekatanis – Penny & Byers 1979: 381. — Miyamoto 1988: 42. — Miyamoto & Nakamura 
2008: 232, pl. 88, fi g. 1360.

Diagnosis
This species can be differentiated from its relatives by the following characters: 1) wing markings 
very dense with a small circular spot near ending of CuP; 2) male hypandrium with a pair of very long 
hypovalves nearly three times as long as basal stalk; and 3) male parameres bifurcated, with dorsal 
branch stout and ventral branch extremely delicate and clubbed apically.

Distribution
Japan: Honshu (Aichi, Ishikawa, Nagano, Niigata, Shinano, Toyama, and Yamanashi) (Fig. 6).

Panorpa obliqua Carpenter, 1945
Fig. 6

Panorpa obliqua Carpenter, 1945: 70, fi gs 2–3, 8; pl. 11, fi g. 9 (type locality: Hong San (= Xiangshan), 
southeast Kiangsi (= Jiangxi), China).
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Panorpa obliqua – Cheng 1957: 36, fi gs 44–45, 97–98. — Penny & Byers 1979: 379.

Diagnosis
This species can be differentiated from its relatives by the following characters: 1) wing markings dense, 
with elongated marginal spot connected to oblique pterostigmal band and forming a distinct V-shaped 
pattern; 2) male parameres greatly curved inward at apex; and 3) female medigynium with apodemes of 
axis short and slightly exceeding dorsal plate proximally.

Distribution
China: Jiangxi (Xunwu) (Fig. 6).

Panorpa longiramina Issiki & Cheng, 1947
Fig. 6

Panorpa longiramina Issiki & Cheng, 1947: 6, fi gs 9–11, 49–50 (type locality: Musha (= Wushe), 
Formosa (= Taiwan), China).

Panorpa longiramina – Issiki 1965: 245. — Penny & Byers 1979: 379. — Hsu et al. 1999: 152. — 
Byers 2002: 253. — Wang & Hua 2018: 284.

Diagnosis
This species can be easily recognized by the following characters: 1) wing markings greatly reduced 
with only a small spot near pterostigma; 2) male parameres trifurcated and extending beyond apex of 
gonocoxites; and 3) female medigynium with posterior arms diamond-shaped and broadest approximately 
at middle.

Distribution
China: Taiwan (Chiayi, Nantou, Taitung) (Fig. 6).

Panorpa implicata Cheng, 1957
Figs 2, 6

Panorpa implicata Cheng, 1957: 37, fi gs 99, 103, 280 (type locality: Ta-chu-Lan (= Dazhulan), Shaowu 
Hsien (= Shaowu County), Fukien (= Fujian), China).

Panorpa implicata – Penny & Byers 1979: 378. — Wang & Hua 2018: 273, fi g. 3-132-1.

Diagnosis
This species is superfi cially similar to Panorpa obliqua Carpenter, 1945, especially in the V-shaped 
marginal spot and pterostigmal band, but can be readily differentiated by the following characters: 
1) wings with less dense markings, and basal band with a small anterior spot not reaching anterior 
margin (cf. more dense markings, and basal band with a large anterior spot reaching anterior margin); 
2) male parameres bifurcated with a delicate and short ventral branch, and a strong dorsal branch 
reaching middle of gonostylus (cf. unfurcated and only reaching apex of gonocoxites); and 3) female 
medigynium with axis longer than posterior arms (cf. shorter).
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Material examined
CHINA • 4 ♂♂, 4 ♀♀; Jiangxi, Mt. Matou (Horse Head), Zixi County; alt. 1000 m; 10 May 2020; Dan-
Chen Zhu leg.; DALU.

Distribution
China: Fujian (Shaowu) and Jiangxi (Zixi) (Fig. 6).

Panorpa gressitti Byers, 1970
Figs 1F, 4A–B, 6

Panorpa gressitti Byers, 1970: 390, fi gs 10–13 (type locality: Tao-Kok-Wan (= Caojiaowan), Lungtau 
Shan (= Mt. Longdou), Kwangtung (= Guangdong), China).

Panorpa gressitti – Penny & Byers 1979: 378. — Wang & Hua 2018: 268, fi g. 3-129-1, 3-129-2.

Fig. 2. Panorpa implicata Cheng, 1957. A, C–F. ♂ (DALU). B, G–H. ♀ (DALU). A–B. Habitus, 
dorsal view. C. Abdomen, left-lateral view. D–E. Genital bulb, ventral and dorsal views, respectively. 
F. Aedeagal complex, ventral view. G. Subgenital plate, ventral view. H. Medigynium, ventral view.
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Diagnosis
This species is similar to Panorpa implicata Cheng, 1957 and Panorpa obliqua Carpenter, 1945 in the 
V-shaped patter formed by marginal spot and pterostigmal band, but can be readily differentiated from 
the latter two by the following characters: 1) scutella yellowish and distinctly paler than nota (cf. dark); 
2) male gonostylus with basal process bifurcated (cf. unfurcated); and 3) female axis extremely short 
without distinct apodemes (cf. well-developed with distinct apodemes).

Distribution
China: Guangdong (Conghua, Shaoguan, Shixing) (Fig. 6).

Panorpa amamiensis Miyamoto & Makihara, 1984
Figs 1G, 6

Panorpa amamiensis Miyamoto & Makihara in Miyamoto, 1984: 2, fi gs 5–7, pl. 3, fi g. c (type locality: 
Mt. Yuwan-dake, Amami-Oshima, Japan).

Panorpa amamiensis – Miyamoto 1988: 42, fi g. 3. — Nakamura 2009: 334, fi gs 1, 4–10.

Diagnosis
This species is similar to Panorpa longiramina Issiki & Cheng, 1947 in the greatly reduced wing 
markings, but can be readily differentiated from the latter by the following characters: 1) wings with 
reduced basal and pterostigmal bands and marginal spot (cf. only a small spot near pterostigma); and 2) 
male parameres bifurcated (cf. trifurcated).

Distribution
Japan: Kagoshima (Amami) (Fig. 6).

Panorpa hiurai Miyamoto, 1985
Fig. 6

Panorpa hiurai Miyamoto, 1985: 199, fi gs 1–2 (type locality: Bôbukitadani, Mt. Hira, Shiga Prefecture, 
Japan).

Panorpa hiurai – Miyamoto 1988: 42, fi g. 14.

Diagnosis
This species is characterized by the following characters: 1) wing markings dense, with two reversed 
Y-shaped patterns and a transverse band between them; 2) male hypovalves with intensely narrowed and 
truncated apex; and 3) female medigynium with tapering and slightly divergent posterior arms.

Distribution
Japan: Honshu (Shiga) (Fig. 6).

Panorpa obliquifascia Chou & Wang, 1987
Fig. 6

Panorpa obliquifascia Chou & Wang in Chou et al., 1987: 206, fi g. 7 (type locality: Mangshan 
Mountains, Yizhang, Hunan, China).
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Panorpa obliquifascia – Wang & Hua 2018: 291, fi gs 3-144-1, 3-144-2.

Diagnosis
This species can be recognized by the following characters: 1) wing markings slightly reduced with 
an oblique pterostigmal band; 2) male hypandrium with long and broad hypovalves exceeding apex 
of gonocoxites; 3) male parameres bifurcated with a short glabrous ventral branch and a long bristle-
bearing dorsal branch; and 4) female medigynium with a very broad dorsal plate and a greatly elongated 
axis.

Distribution
China: Guangdong (Nanling Mountains) and Hunan (Mangshan Mountains) (Fig. 6).

Panorpa nudiramus Byers, 2002
Fig. 6

Panorpa nudiramus Byers, 2002: 253, fi gs 1–4 (type locality: Lo-ma-wang Shan, Hualien, Taiwan, 
China).

Diagnosis
This species can be readily recognized by the following characters: 1) wings nearly devoid of markings; 
2) male hypandrium short and not reaching middle of gonocoxites; and 3) male paramere bifurcated 
with a slender and glabrous ventral branch and a long bristle-bearing dorsal branch.

Distribution
China: Taiwan (Hualien, Nantou) (Fig. 6).

Panorpa okinawaensis Nakamura, 2009
Figs 1H, 6

Panorpa okinawaensis Nakamura, 2009: 337, fi gs 2, 11–17 (type locality: Oku, Kunigami Village, 
Okinawa-jima, Ryukyu Islands, Japan).

Diagnosis
This species is superfi cially resembling Panorpa amamiensis Miyamoto & Makihara, 1984, but can 
be readily differentiated from the latter by the following characters: in males, 1) gonostylus with basal 
process bearing two small teeth on mesial edge; 2) paramere bifurcated with a long and stout dorsal 
branch; 3) aedeagus with developed lateral process of dorsal valves; and in females, and 4) medigynium 
with axis twice longer than posterior arms.

Distribution
Japan: Okinawa (Okinawa-jima) (Fig. 6).

Panorpa tokunoshimaensis Nakamura, 2009
Figs 1I, 6

Panorpa tokunoshimaensis Nakamura, 2009: 340, fi gs 3, 18–23 (type locality: Tete Path, Amagi Town, 
Tokuno-shima, Kagoshima Prefecture, Japan).
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Diagnosis
This species is superfi cially similar to Panorpa amamiensis Miyamoto & Makihara, 1984 and Panorpa 
okinawaensis Nakamura, 2009, but can be readily differentiated from the latter two by the following 
characters: 1) male paramere bifurcated with both branches not exceeding apex of gonocoxites (cf. 
exceeding); and 2) female medigynium with axis shorter than half length of posterior arms (cf. longer).

Distribution
Japan: Ryukyu Islands (Tokuno-shima) (Fig. 6).

Panorpa fengyanga sp. nov.
urn:lsid:zoobank.org:act:ED6669D2-9620-40C1-8B7C-4543B4A79B00

Figs 3, 6

Diagnosis
This species is very similar to Panorpa obliquifascia Chou & Wang, 1987 in the oblique pterostigmal 
band, but can be easily differentiated from the latter by the following characters: 1) meso- and metanotum 
each with a yellowish mesal stripe (cf. lacking such a stripe); 2) male paramere with dorsal branch 
bearing very long bristles directing meso-basad (cf. shorter and directing meso-caudad); and 3) female 

Fig. 3. Panorpa fengyanga sp. nov. A, C–G. Holotype, ♂ (DALU). B, H–I. Paratype, ♀ (DALU). 
A–B. Habitus, dorsal view. C. Abdomen, left-lateral view. D–E. Genital bulb, ventral and dorsal views, 
respectively. F. Aedeagal complex, ventral view. G. Right paramere, right-lateral view. H. Subgenital 
plate, ventral view. I. Medigynium, ventral view.
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medigynium with axis slightly shorter than posterior arms (cf. longer). The mesal stripes in meso- and 
metanotum are unique among its relatives.

Etymology
This species is named after the type locality, Mount Fengyang. Noun in apposition.

Material examined
Holotype

CHINA • ♂; Zhejiang, Mt. Fengyang; alt. 1400 m; 20 Jun. 2020; Dan-Chen Zhu leg.; DALU.

Paratypes
CHINA •1 ♂, 1♀; same collection data as for holotype; DALU.

Description
Male

HEAD (Fig. 3A). Vertex black medially and yellowish brown near compound eyes. Ocellar triangle black. 
Rostrum yellowish brown, long and stout. Scape yellowish brown basally and dark brown distally, 
pedicel dark brown, fl agellum black with approximately 35 fl agellomeres.

THORAX (Fig. 3A). Pronotum black, bearing 6–8 stout setae along anterior margin. Meso- and metanotum 
black, each with yellowish, gourd-shaped mesal stripe. Pleura and legs light greyish brown with distal 
tarsomeres blackish.

WINGS (Fig. 3A). Membrane hyaline with markings dark brown. In forewing, apical band slightly reduced 
and usually with hyaline spot; pterostigmal band oblique, with an intact basal branch and detached 
apical branch; marginal spot inconspicuous; basal band and basal spot fused along hind margin with 
rounded hyaline spot near ending of CuP; Sc extending approximately at middle of anterior margin; Rs 
fi ve-branched; 1A ending far beyond origin of Rs. In hindwing, markings similar but more reduced than 
those of forewing. 

ABDOMEN (Fig. 3A, C). T1–T5 dark brown, S1–S5 light brown. Notal organ on posterior margin of 
T3 slightly protruded, semicircular and bearing dense setae posteriorly; postnotal organ on anterior 
portion of T4 acute and curved dorso-cephalad. A6 black, cylindrical and slightly longer than T5. A7 
reddish brown, approximately half as long as A6, cylindrical and slightly beveled apically; A8 similar 
but slightly longer, thinner, and greatly beveled apically.

GENITALIA (Fig. 3D–G). Genital bulb reddish brown, long oval. Epandrium long trapezoidal, with deep 
terminal emargination and a pair of fi nger-like processes laterally. Cercus long clavate and blackish. 
Hypandrium with long and broad basal stalk, and distally split into a pair of hypovalves; hypovalves 
longer than basal stalk of hypandrium, widely divergent basally and slightly convergent distally, and 
nearly reaching apex of gonocoxites. Gonocoxites beveled apically; gonostylus approximately half as 
long as gonocoxites, and bearing an obtuse triangular median tooth and large trapezoidal basal process; 
small acute process on dorso-apical margin of basal process. Parameres with reduced and detached 
dorsal bridge, and bifurcated into slender and glabrous ventral branch and bristle-bearing dorsal branch; 
ventral branch protruding ventrad at basal half and turning caudad in distal half, approximately ⅔ as 
long as dorsal branch, and tapering into thin and pointed apex; dorsal branch stout, bearing dense 
bristles on ventral margin; bristles in apical portion extraordinary long and stout, and directing meso-
basad. Aedeagus with ventral valves sclerotized, short and subtriangular; dorsal valves very short and 
inconspicuous; dorsal processes longer and stout; lateral processes elongated and curled mesad.
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Female
Similar to males in general appearance, but with slightly denser wing markings (Fig. 3B).

GENITALIA (Fig. 3H–I). Subgenital plate oval and slightly emarginated terminally, with subtriangular 
process on distal 3/5 of lateral margin; distal 2/5 of subgenital plate narrow, bearing long stout setae. 
Medigynium with broad dorsal plate; dorsal plate enclosing main plate of medigynium and emarginated 
in V-shape terminally; main plate poorly developed; posterior arms slightly elbow-shaped and tapering 
apically; axis slightly shorter than posterior arms with a pair of slightly divergent apodemes; decorated 
area of axis greatly elongated posteriorly, subtranslucent and subtriangular; between two apodemes 
acicular process protruded and slightly exceeding apodemes proximally.

Distribution
China, Zhejiang (Mt. Fengyang) (Fig. 6).

Panorpa zhuohengi sp. nov.
urn:lsid:zoobank.org:act:D216769D-9C58-4725-8856-E6C4D0D10516

Figs 4C–D, 5–6

Fig. 4. Habitus of the Panorpa wormaldi group. A–B. P. gressitti Byers, 1970, ♂, dorsal and left-lateral 
views, respectively. C–D. P. zhuohengi sp. nov., holotype, ♂ (DALU) dorsal and left-lateral views, 
respectively.
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Diagnosis
This species is superfi cially similar to Panorpa gressitti Byers, 1970, but can be readily differentiated from 
the latter by the following characters: in the living insects, 1) body sides light yellow and wing markings 
dark (cf. body sides greyish and wing markings lighter); in males, 2) gonostylus with basal process stout 
with a pointed apex (cf. bifurcated); 3) parameres enlarged and bearing long bristles subapically (cf. 
slender and bearing short bristles); and in females, 4) medigynium with distinct apodemes (cf. lacking). 
It is also similar to Panorpa obliqua Carpenter, 1945, but can be readily differentiated by the structure 
of the male parameres.

Etymology
The new species is named after my friend Mr Zhuo-Heng Jiang, who collected the type specimens. 
Noun in the genitive case.

Material examined
Holotype

CHINA • ♂; Guangdong, Fengkai, Heishiding (Dark Rock Peak); alt. 200 m; 15 Apr. 2019; Zhuo-Heng 
Jiang leg.; DALU.

Fig. 5. Panorpa zhuohengi sp. nov. A, C–G. Holotype, ♂ (DALU). B, H–I. Paratype, ♀ (SYSU). 
A–B. Habitus, dorsal view. C. Abdomen, left-lateral view. D–E. Genital bulb, ventral and dorsal views, 
respectively. F. Aedeagal complex, ventral view. G. Left paramere, ventral view. H. Subgenital plate, 
ventral view. I. Medigynium, ventral view.
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Paratypes
CHINA • 3 ♂♂; same collection data as for holotype; DALU • 1 ♂; same locality as for preceding; 
17–18 Apr. 2004; Chun-Tian Zhang leg.; SYSU • 2 ♀; same locality as for preceding; 10 Apr. 1985; 
Zhen-Yao Chen leg.; SYSU.

Description
Male

HEAD (Fig. 5A). Vertex black medially and yellowish brown near compound eyes and antennal sockets. 
Ocellar triangle black. Rostrum yellowish brown, long and stout. Scape yellowish brown basally and 
dark brown distally, pedicel dark brown, fl agellum black with approximately 38 fl agellomeres.

THORAX (Fig. 5A). Pronotum black, bearing 6–8 stout setae along anterior margin. Meso- and metanotum 
black, each with yellowish, gourd-shaped mesal stripe. Pleura light yellow. Legs yellowish brown with 
distal tarsomeres blackish.

WINGS (Fig. 5A). Membrane hyaline, slightly tinged with yellowish brown. Markings dense and dark 
brown. In forewing, apical band broad and usually with series of hyaline spots along apical cross-veins; 
pterostigmal band oblique, with an intact basal branch and detached apical branch; apical branch fused 
with posterior portion of apical band; marginal spot elongated posteriorly and fused with pterostigmal 
band and forming V-shaped pattern; basal band broad; basal spot fused with basal band along hind 
margin with few hyaline spots along basal cross-veins; Sc extending approximately at middle of anterior 
margin; Rs fi ve-branched; 1A ending far beyond origin of Rs. In hindwing, markings similar but more 
reduced than those of forewing.

Fig. 6. Distribution of the Panorpa wormaldi group.
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ABDOMEN (Fig. 5A, C). T1–T5 dark brown, S1–S5 brown, pleural membrane yellow. Notal organ on 
posterior margin of T3 slightly protruded, semicircular and bearing dense setae posteriorly; postnotal 
organ on anterior portion of T4 acute and curved dorso-cephalad. A6 black, cylindrical and slightly 
longer than T5. A7 yellowish brown and blackish on apical margin, approximately half as long as A6, 
cylindrical and slightly beveled apically; A8 similar but slightly longer, thinner, and greatly beveled 
apically.

GENITALIA (Fig. 5D–G). Genital bulb yellowish brown, oval. Epandrium long trapezoidal, greatly 
constricted in distal portion, with deep terminal emargination and a pair of fi nger-like processes laterally. 
Cercus long clavate and blackish. Hypandrium with long and broad basal stalk, and distally split into a 
pair of hypovalves; hypovalves slightly shorter than basal stalk of hypandrium, widely divergent basally 
and slightly convergent distally, and not reaching lateral processes of aedeagus. Gonocoxites beveled 
apically; gonostylus approximately half as long as gonocoxites, and bearing an obtuse triangular median 
tooth and stout basal process. Parameres each with slender basal stalk, and greatly enlarged basally 
and subapically; four long stout bristles on outer margin of basally enlarged portion; and dozens of 
longer bristles on inner side of subapically enlarged portion; apex of paramere pointed and slightly 
curving laterad. Aedeagus with ventral valves sclerotized and columnar; dorsal valves very short and 
inconspicuous; dorsal processes longer and fi nger-like; lateral processes slightly elongated, stout and 
nearly truncated with an indistinct terminal emargination.

Female
Similar to males in general appearance, but with slightly denser wing markings (Fig. 5B).

GENITALIA (Fig. 5H–I). Subgenital plate subtriangular with shallow terminal emargination, and bearing 
sparse long setae marginally. Medigynium with broad dorsal plate emarginated in V-shape terminally; 
posterior arms slightly arcuate and tapering distally; axis shorter than posterior arms with short and 
stout apodemes proximally; decorated area of axis greatly elongated posteriorly, subtranslucent and 
subtriangular.

Distribution
China: Guangdong: Fengkai (Fig. 6).

Key to species of the Panorpa wormaldi group
Males

19 species

1. Wing markings greatly reduced and covering less than 1/5 area of wing  .......................................... 2
– Wing markings well-developed and covering at least 1/5 area of wing  ............................................. 7

2. Hypandrium at least extending to middle of gonocoxites apically; parameres trifurcated  .............. 3
– Hypandrium greatly shortened and not reaching middle of gonocoxites apically; parameres 

bifurcated  .......................................................................................................................................... 4

3. Paramere concealed in gonocoxital cavity, with dorsal branch bearing short microtrichia along inner 
margin  ................................................................................................ P. ochraceocauda Issiki, 1927

– Paramere extending beyond apex of gonocoxites, with dorsal branch bearing long spines along inner 
margin  ......................................................................................P. longiramina Issiki & Cheng, 1947

4. Paramere with ventral branch glabrous  ............................................................................................ 5
– Paramere with ventral branch bearing long bristles  ......................................................................... 6
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5. Paramere with dorsal branch greatly curved and S-shaped  ................................................................
 ......................................................................................P. amamiensis Miyamoto & Makihara, 1984

– Paramere with dorsal branch straight  .......................................................P. nudiramus Byers, 2002

6. Paramere with dorsal branch greatly elongated, twice longer than ventral branch and exceeding apex 
of gonocoxites  ............................................................................... P. okinawaensis Nakamura, 2009

– Paramere with dorsal branch shorter than ventral branch and not exceeding apex of gonocoxite  .....
 ................................................................................................P. tokunoshimaensis Nakamura, 2009

7. Wings with marginal spot greatly elongated, fused with pterostigmal band and forming a distinct 
V-shaped pattern  ............................................................................................................................... 8

– Wings lacking a V-shaped pattern ....................................................................................................11

8. Genital bulb long oval (approximately twice as long as wide); hypovalves longer than basal stalk of 
hypandrium  .................................................................................................P. implicata Cheng, 1957

– Genital bulb bold oval (approximately 1.7 × as long as wide); hypovalves shorter than basal stalk of 
hypandrium  ....................................................................................................................................... 9

9. Gonostylus with basal process bifurcated into two small teeth; paramere S-shaped  .........................
  ....................................................................................................................... P. gressitti Byers, 1970

– Gonostylus with basal process stout and simple; parameres relatively straight  ............................. 10

10. Parameres curved inward and bearing short bristles subapically  ............ P. obliqua Carpenter, 1945
– Parameres curved laterad and bearing long bristles subapically  ......................P. zhuohengi sp. nov.

11. Pterostigmal band with detached apical branch and forming a distinct oblique band ..................... 12
– Pterostigmal band with apical branch intact  ................................................................................... 15

12. Vertex yellow with a trident-shaped black pattern; paramere trifurcated  ...........................................
 ....................................................................................................................P. peterseana Issiki, 1927

– Vertex brown to black, and lacking a trident-shaped black patter; paramere bifurcated  ................ 13

13. Meso- and metanotum each with a yellowish mesal stripe  ..............................P. fengyanga sp. nov.
– Meso- and metanotum lacking a yellowish mesal stripe  ................................................................ 14

14. Hypovalves exceeding apex of gonocoxites; parameres with dorsal branch extending to middle of 
gonostylus  ................................................................................P. obliquifascia Chou & Wang, 1987

– Hypovalves extending to ⅔ of gonocoxites; parameres with dorsal branch slightly exceeding apex 
of gonocoxites  ........................................................................................... P. kiusiuensis Issiki, 1929

15. Hypovalves with intensely narrowed and truncated apex  ........................ P. hiurai Miyamoto, 1985
– Hypovalves with tapering and relatively rounded apex  ................................................................. 16

16. Hypandrium short, with apex of hypovalves not extending to apex of gonocoxites; hypovalves 
shorter than basal stalk of hypandrium  ........................................................................................... 17

– Hypandrium long, with apex of hypovalves extending to apex of gonocoxites; hypovalves longer 
than basal stalk of hypandrium  ....................................................................................................... 18

17. Wing markings slightly reduced with two reversed, separated Y-shaped pattern  ..............................
 ...........................................................................................................P. multifasciaria Miyaké, 1910

– Wing markings dense and reticulate, with two reversed Y-shaped pattern connected by an additional 
transverse stripe  .............................................................................................P. striata Miyaké, 1908
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18. Wings with pterostigmal band represented by two anteriorly connected Y-shaped pattern; parameres 
unfurcated and short, not exceeding apex of gonocoxites  ................P. wormaldi MacLachlan, 1875

– Wings with marginal spot fused with pterostigmal band and forming an H-shaped pattern; parameres 
bifurcated with dorsal branch extending to middle of gonostylus  ..........P. tsunekatanis Issiki, 1929

Females
14 species; P. kiusiuensis, P. ochraceocauda, P. multifasciaria, P. nudiramus and P. wormaldi unknown.

1. Wing markings greatly reduced and covering less than 1/5 area of wing  .......................................... 2
– Wing markings well-developed and covering at least 1/5 area of wing  ............................................. 5

2. Axis extremely shortened, shorter than half length of posterior arms  ................................................
 ................................................................................................P. tokunoshimaensis Nakamura, 2009

– Axis in medigynium longer than half length of posterior arms  ........................................................ 3

3. Axis in medigynium greatly elongated, longer than posterior arms  ...................................................
 ....................................................................................................... P. okinawaensis Nakamura, 2009

– Axis approximately as long as or shorter than posterior arms  .......................................................... 4

4. Axis in medigynium shorter than posterior arms  ........P. amamiensis Miyamoto & Makihara, 1984
– Axis in medigynium approximately as long as posterior arms  P. longiramina Issiki & Cheng, 1947

5. Wings with marginal spot greatly elongated, fused with pterostigmal band and forming a distinct 
V-shaped pattern  ............................................................................................................................... 6

– Wings lacking a V-shaped pattern ..................................................................................................... 9

6. Axis in medigynium lacking apodemes  ......................................................... P. gressitti Byers, 1970
– Axis in medigynium bearing apodemes  ........................................................................................... 7

7. Axis longer than posterior arms  ..................................................................P. implicata Cheng, 1957
– Axis shorter than posterior arms  ....................................................................................................... 8

8. Separated spot anterior to ORs; posterior arms of medigynium narrow  ............................................
 .................................................................................................................. P. obliqua Carpenter, 1945

– Continuous band across ORs; posterior arms of medigynium broad at base and tapering towards 
acute apex  .........................................................................................................P. zhuohengi sp. nov.

9. Pterostigmal band with detached apical branch and forming a distinct oblique band  .................... 10
– Pterostigmal band with apical branch intact  ................................................................................... 12

10. Vertex yellow with a trident-shaped black pattern  ....................................P. peterseana Issiki, 1927
– Vertex brown to black, and lacking a trident-shaped black pattern  .................................................11

11. Meso- and metanotum each with a yellowish mesal stripe  ..............................P. fengyanga sp. nov.
– Meso- and metanotum lacking a yellowish mesal stripe  .........P. obliquifascia Chou & Wang, 1987

12. Wing markings reticulate and lacking recognizable Y-shaped patterns  .............................................
 .................................................................................................................P. tsunekatanis Issiki, 1929

– Wing markings with two reversed Y-shaped patterns and a transverse band between them  .......... 13

13. Posterior arms with broad lateral projection in distal half; apodemes slightly divergent  ...................
 ........................................................................................................................P. striata Miyaké, 1908

– Posterior arms lacking lateral projection; apodemes greatly divergent  .... P. hiurai Miyamoto, 1985
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Discussion
By describing two new species, the species number of the Panorpa wormaldi group is updated from 17 
to 19. According to recent molecular phylogenetic analyses (Whiting 2002; Hu et al. 2015), Panorpa 
striata Miyaké, 1908, a member of this group is closely related to members of several eastern Asian 
groups, such as the Panorpa japonica group sensu Issiki, 1933 and the Panorpa nikkoensis group (= the 
P. leucoptera group sensu Issiki, 1933, because Panorpa nikkoensis Miyaké, 1908 was synonymized 
with Panorpa leucoptera Uhler, 1858 due to misidentifi cation, but recently revalidated by Miyamoto & 
Nakamura 2008). However, other species in this group lack comprehensive phylogenetic analysis, and 
their systematic position in the Panorpidae remains unresolved to date.

Presumably, members in the P. wormaldi group likely form a monophyletic group, supported by some 
synapomorphies, such as the greatly elongated lateral processes in the male aedeagus, and a dorsal plate 
in the female medigynium. In addition, the living insects in this species group hold their wings roof-like 
over the abdomen (different from the more common V-shape, Ennos & Wootton 1989; Wang & Hua 
2018, 2021), giving a great resemblance to Furcatopanorpa longihypovalva (Hua & Cai, 2009) and 
Panorpa bicornuta MacLachlan, 1887. However, more or less, some distantly related species in this 
family also hold wings roof-like, such as Panorpa cornigera MacLachlan, 1887, Panorpa lugubris 
Swederus, 1787, and Neopanorpa salai Navás, 1929. These facts suggest that the roof-like wing posture 
is likely nonhomologous and independently developed several times in Panorpidae.

In the P. wormaldi group, several species were observed active among dense bushes and grasses (the 
fi rst author’s observations, P. striata, P. gressitti, and P. zhuohengi sp. nov.), and P. peterseana was 
reported foraging among tree-canopy blossoms (Bicha et al. 2020). These species are different from 
many other scorpionfl ies which hold their wings in a V-shape, and usually sit on the top surface of ground 
vegetations or the ground (Bicha et al. 2020). When captured, some species (P. gressitti, P. striata, and 
P. zhuohengi sp. nov.) prefer to rapidly crawl towards the light in the net, rather than fl y away as many 
other scorpionfl ies do to escape. By holding their wings roof-like, members in the P. wormaldi group 
have their bodies greatly narrowed, and likely received a great fl exibility when they are crawling back 
and forth among the dense vegetation.

The distributional pattern of the P. wormaldi group provide us a valuable point of view to study the 
relationship of panorpid fauna between China and Japan. According to Tojo et al. (2017), the geological 
history played an important role for the high biodiversity and endemism of Japan. The southwestern 
part of Japan (Kyushu, Shikoku and western Honshu) was considered to begin to split from the Korean 
Peninsula around 20 Ma (Otofuji et al. 1985). Members of the P. wormaldi group are ranged in 
southeastern mainland China, Taiwan, Ryukyu Islands, and three main Japanese islands, but are not yet 
recorded from the Korean Peninsula and the island of Hokkaido. The southwestern parts of Japan and 
the southeastern coast of China were once connected due to the lowered sea level, thus provided a land 
bridge for the faunal dispersal during the Last Glacial Maximum (Tojo et al. 2017). More studies are 
required to decipher the evolutionary and biogeographical history of the P. wormaldi group.
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