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Abstract: Snow scorpionflies are notable for their unusual activity during the cold winter months as adults.
Although widely distributed in boreal or high-altitude areas of the Palearctic and Nearctic Regions, their presence
in China has not been documented until now. This paper reports the first discovery of three species of snow
scorpionflies, Boreus altaicus Nikolajev, 2015, B. beybienkoi Tarbinsky, 1962, and B. transiliensis Nikolajev, 1998
from Xinjiang Uygur Autonomous Region, northwestern China, and provides new insights into their morphology
and biology. These discoveries increase the number of known Mecoptera families in China from three to four.
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Introduction

The family Boreidae belong to the holometabolous order Mecoptera, and are commonly known as snow
scorpionflies due to their unusual activity during the cold winter months as adults (Dunford & Somma 2008; Bicha
2018; Beutel et al. 2019a, b). The name originated from Bopéag (Boréas), the Greek god associated with the cold
north wind, storms, and winter (Penny 1977). This cold-tolerance, enabled by the antifreezing agents in their body
fluids (Vanin et al. 2008; Hagvar 2010), is similar to that found in the ice crawlers (Grylloblattodea), the snow flea
(Collembola: Hypogastrura nivicola (Fitch, 1846)), the snow flies (Diptera: Tipulidae: genus Chionea), the winter
stoneflies (Plecoptera: Capniidaec and Taeniopterygidae), and the Tasmanian snow scorpionflies (Mecoptera:
Apteropanorpidae). The adults can jump using both their middle and hindlegs, in contrast to the fleas (Siphonaptera),
which rely solely on their hindlegs for jumping (Burrows 2011).

The adults usually bear an elongated rostrum formed from the clypeus, labrum, genae, and maxillo-labium,
resembling that of the Panorpidae (Wang & Hua 2021, 2022). They are flightless, the wings of males are modified
as slender hooks serving to grasp the female during copulation, while those of females being mostly reduced and
flap-like (Beutel et al. 2019a, b). The females have their eighth to eleventh abdominal segments and cerci modified
into a secondary ovipositor (except for Caurinus spp., Sikes & Stockbridge 2013; Beutel ef al. 2019a, b). The larvae
are scarabaeiform or curculioniform and lack abdominal appendages (Cooper 1974; Fabian et al. 2015; Beutel et al.
2019a, b), unlike those of Bittacidae and Panorpidac (Wang & Hua 2022). The larvae and adults typically feed on
mosses and liverworts (Palmer 2010; Glime 2017; Beutel et al. 2019a), and the adults also consume fluids of dead
arthropods (Withycombe 1922). Differing from most members of Mecoptera, which possess a sperm pump in males
for liquid ejaculation (Grimaldi & Engel 2005), snow scorpionflies transfer sperm by means of a spermatophore
(Mickoleit 1974; Russell 1979a).

Thirty-three extant species in the family can be assigned into two subfamilies: the Boreinae and the Caurininae,
based on some primitive characters of the latter such as the extremely short rostrum and the undeveloped secondary
ovipositor in females (Beutel et al. 2019a; Beutel & Friedrich 2019). The Boreinae contain two genera: Boreus
Latreille, 1816 (29 spp. widely distributed in the northern Nearctic and Palearctic Regions) and Hesperoboreus
Penny, 1977 (two spp. restricted to western North America), while the Caurininae comprise only one genus,
Caurinus Russel, 1979 (2 spp. found from Oregon, Washington, and Alaska of North America). The earliest known
members of snow scorpionflies belonged to the genus TPalacoboreus (2 spp.) discovered from the Upper Jurassic
of Mongolia and the Lower Cretaceous of Transbaykalia, Russia (Sukatsheva & Rasnitsyn 1992). They lack a long
rostrum, resembling members in the Caurininae, but possess a secondary ovipositor similar to that of the extant
Boreinae members (Sukatsheva & Rasnitsyn 1992; Grimaldi & Engel 2005).

The Boreidae have long been considered a key group in resolving one of the major phylogenetic puzzles of
Antliophora (scorpionflies, fleas and true flies): whether the Mecoptera is monophyletic (Misof et al. 2014) or
paraphyletic (Whiting 2002; Whiting et al. 2008; Wiegmann et al. 2009)? A sister-group relationship between
Boreidae and Siphonaptera was supported by both morphological and molecular data, rendering Mecoptera
paraphyletic (Whiting 2002; Whiting et al. 2008; Wiegmann et al. 2009; Beutel & Friedrich 2019). However, other
authors challenged this view and suggested that the family fAneuretopsychidae characterized by siphonate
mouthparts, were likely the sister group of fleas (Huang et al. 2012; Zhu et al. 2015). Some recent studies
(Meusemann 2020; Tihelka et al. 2020) suggested that the closest relatives of fleas are the relic family
Nannochoristidae. Despite ongoing disputes, the paraphyly of Mecoptera has been consistently supported in most
recent studies (Whiting 2002; Grimaldi & Engel 2005; Meusemann 2020; Tihelka ef al. 2020; Zhao et al. 2020),
and the fleas may no longer be considered a separate insect order (Tihelka e al. 2020). Therefore, traits such as
small size (typically 1-4 mm), compressed body shape, reduced wings, and long legs adapted for jumping were
either independently evolved or inherited from a common ancestor shared by snow scorpionflies and fleas.

Snow scorpionflies have been widely recorded from boreal or high-altitude regions in Europe (Beutel et al.
2019a, b; Dvorak et al. 2022), North America (Penny 1977; Beutel et al. 2019a, b), Central Asia (Kazakhstan,
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Kyrgyzstan and Tajikistan (Tarbinsky 1962; Nikolajev 1998, 2003, 2015, 2018; Gabdullina & Nikolajev 2015),
Russian Far East (Navas 1926; Martynova 1954; Plutenko 1985), and Japan (Hokkaido, Hori & Morimoto 1996).
However, they lack any reliable records from China, where three families of Mecoptera, the Bittacidae, the
Panorpidae, and the Panorpodidae have been documented (Wang & Hua 2022). In fact, some scholars (Chou & Hua
1999; Gabdullina & Nikolajev 2015; Nikolajev 2003, 2018) have suggested a strong likelihood of discovering these
insects in China, as its northern regions, including Xinjiang in the northwest, and Heilongjiang, Jilin and Liaoning
in the northeast, fall within the appropriate latitude range and offer a diverse array of habitats well-suited to the
snow scorpionflies, such as coniferous forests, mesic deciduous woodlands, dry pine forests, grasslands, shrub-
steppe, and tundra (Beutel et al. 2019a, b).

The species Boreus beybienkoi Tarbinsky, 1962, and B. transiliensis Nikolajev, 1998, were originally
discovered on the northern slope of the Alatoo Ridge along the border of Kyrgyzstan and Kazakhstan (Tarbinsky
1962; Nikolajev 1998). They were subsequently recorded at additional localities in eastern and southeastern
Kazakhstan, as well as in Tajikistan (Nikolajev 1998, 2003, 2015, 2018; Gabdullina & Nikolajev 2015). These sites
are located near the Ili Kazakh Autonomous Prefecture, linked to the latter by the Tianshan Mountains and the Ili
Valley, indicating a strong likelihood of their occurrence in the Chinese part of the Ili Valley and the Tianshan
Mountains. Similarly, the Altay Mountains linking the Katon-Karagay National Nature Park (northeastern
Kazakhstan) and the Altay Prefecture (northwestern Xinjiang, China) suggest the possibility of discovering B.
altaicus Nikolajev, 2015 from the latter (Gabdullina & Nikolajev 2015).

In the spring and autumn of 2024, expeditions led by the authors were conducted with the aim of discovering
snow scorpionflies in Xinjiang. Fortunately, a series of immature stages and adults of snow scorpionflies were
successfully collected from several localities, and identified as three species, i.e., B. altaicus, B. beybienkoi, and B.
transiliensis. We herein provide detailed illustrations and descriptions of both the adults and immature stages, along
with notes on their biological aspects.

Material and methods

All the specimens examined in this study are deposited in the Biological Science Museum, Dali University
(BMDU). Adult snow scorpionflies were caught by the first and the second author and preserved in 95% ethanol.
Photographs were taken with an Apple iPhone 14 smartphone (Fig. 1), and a Canon EOS R5 mirrorless digital
camera in conjunction with a Canon MP-E 65 mm f/2.8 1-5% macro lens (the others). A pair of Yongnuo YN-560
IV Flash Speedlites were used as the light source. All pictures were adjusted and grouped with Adobe Photoshop
CC. The terminology follows Penny (1977) and Beutel et al. (2019a, b).

Taxonomy

Family Boreidae Latreille, 1816 FiFidA}
Subfamily Boreinae, Latreille, 1816 Fig WAl
Genus Boreus Latreille, 1816 TIHEE

Boreus altaicus Nikolajev, 2015 in Gabdullina & Nikolajev 2015 Fi[/R %= F gk
Figs 2—4; 9A-F

Specimens examined. 503509 adults, CHINA, Xinjiang Uygur Autonomous Region [#EE%E /R HIEX]: Altay
Prefecture [ #)Z& 1 [X ], Burqin County [47i /K EL], southern slope of the Altay Mountains, grassland scattered with
various rocks and boulders (Fig. 1A & B), 48°19'15.19"N, 87°6'44.51"E, 1500 m, 28.X.2024, leg. Liang-Jie Jia & Ji-Shen
Wang; 1 egg, 39 larvae, 1 male pupa, same data, in compact moss (mostly Grimmia sp.) rhizoids.

Measurements (mm). Adults: male body length 2.80—-4.30 (n = 50), female body length 3.50-5.80 (n = 50);
egg: length 0.56, width 0.32 (n = 1); larvae: 1st instar, head length 0.52—0.53, width 0.41-0.42, body length 1.40—
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1.60 (n = 3); 2nd instar, head length 0.60—0.62, width 0.50—0.52, body length 2.20-2.65 (n = 4); 3rd instar, head
length 0.86-0.88, width 0.71-0.73, body length 3.80—4.60 (n = 26); 4th instar: head length 1.00-1.03, width 0.84—
0.86, body length 4.80-5.50 (n = 6); male pupa: body length 4.76 (n = 1).

FIGURE 1. Habitats of snow scorpionflies: A, B habitats of Boreus altaicus Nikolajev, 2015, the Altay Mountains C, D
habitats of B. beybienkoi Tarbinsky, 1962, the Ili Valley E, F habitats of B. transiliensis Nikolajev, 1998, the Wusun

Mountains G the second author searches for B. transiliensis among the moss cushions H the first author photographs

S < o >

snow scorpionflies on the snow. Red arrows denote precise locations where the insects were found.
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Adults. This species can be recognized by the black body color (Fig. 2), the pronotum lacking long bristles
(Figs 2 & 9A, B), the strongly protruded apex (hood) of male epandrium (= tergite IX, Fig. 9C), the convex apex of
male hypandrium (= sternite X, Fig. 9D), and the slender female cerci (Figs 2 & 9E, F).

FIGURE 2. Adults of Boreus altaicus Nikolajev, 2015: A male B female C a mating pair.

Immature stages. The egg (Fig. 3B) is pale white in color and ellipsoidal in shape when freshly laid.

The 1st instar larva (Fig. 4A) is pale white, except for the brown head capsule, dark mandibles, and black
stemmata field. The larva is typically scarabaeiform with a distinctly sclerotized orthognathous head and an
unsclerotized postcephalic body. The larva abdomen is distinctly curved in a C-shape. The 2nd (Fig. 4B), 3rd (Figs
3C & 4C-E) and 4th instar larvae (Fig. 4F—H) are similar to the 1st instar larva.

The following descriptions are mainly based on the 4th instar larvae (Fig. 4F—H). The head capsule is slightly
compressed along the antero-posterior axis (Fig. 4G) and nearly rounded in frontal view. The coronal and frontal
sutures form a reversed Y-shape, while the frontal sutures slightly converged towards clypeus (Fig. 4H). Three
stemmata are present on each side of the head capsule, but are difficult to observe due to the dense aggregation of
black pigment in the stemmata field. The antennae are very short and two-segmented. Two brown patterns are
present at the junctions between the frons and clypeus, and between the clypeus and labrum. The dorsal pattern is
subtriangular with irregular margins and a notch at the dorsal corner, while the ventral pattern is subtrapezoidal with
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! g 3%
FIGURE 3. Oviposition and immature stages of B. altaicus: A female deposits eggs by inserting her secondary
ovipositor into the moss cushion B egg C 3rd instar larva D male pupa, lateral view E-G male pupa (in alcohol), lateral,

dorsal, and ventral views.
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Ant

G

FIGURE 4. Larvae of B. altaicus: A 1st instar larva, lateral view B 2nd instar larva, lateral view C—E 3rd instar larva,

0.5 mm

lateral, ventral, and dorsal views F 4th instar larva, lateral view G & H head and thorax of 4th instar larva, lateral and
frontal views. Annonations: An anus Ant antenna Cly clypeus CrS coronal suture Fr frons FrS frontal suture Lbi
labium Lbr labrum LCS lateral cervical sclerite Mdb mandible MxP maxillial palp Prn pronotum StF stemmata field
ThL thoracic leg Vt vertex. The thoracic segments are denoted by Arabic numerals, and the abdominal segments by

Roman numerals.

a distinct median protrusion dorsally. These patterns can also be observed in other instars (Fig. 4D). The stout
mandibles and fused maxillo-labial complex are similar to those of other species of Boreus. Setac on head capsule
distinctly longer than stemmata field. The lateral cervical sclerites are strongly hardened along their ventral margin.
The thorax and abdomen are weakly sclerotized with deep folds. The pronotum bears a row of long setae along
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anterior margin. The thoracic and abdominal spiracles are very small and indistinct. The three-segmented thoracic
legs are well-developed, with the short and thin foreleg shifted mesally and directing ventrally, while the longer,
thicker middle- and hindlegs are directed ventrolaterally. Long setae are present on the coxae and femora of legs 1
(Fig. 4G). Numerous peg-like denticles are found on the posterior surface of the coxae and femora of legs 2 and 3
(Fig. 4H). The abdomen is devoid of appendages and composed of ten distinct segments and a very short terminal
segment XI. The anus is a longitudinal split at the end of segment XI.

The male pupa is greenish yellow with darkened head, pronotum, and genitalia. Two pairs of wing cases are
much shorter than the adult wings and curve laterocaudally to enclose the meso- and metathorax. It is decticous and
exarate, with free antennae and legs (Fig. 3D-Q).

Biological notes. The immature stages were collected from the rhizoids of compact mosses (Grimmia sp.)
growing on rock surface and in crevices within open grasslands during late autumn (Fig. 1A, B). The larvae reside
in a small chamber characterized by smooth, well-defined walls. When unearthed and exposed to bright light, they
slowly retreat deeper into the moss rhizoids, clumsily maneuvering with their head, thoracic legs and abdomen.

The mating of B. altaicus exhibits a typical rapine posture in Boreinae: the male carries the female on his back
while locking her forefemora using his hook-like wings (Fig. 2C). A female was observed depositing eggs by
inserting her secondary ovipositor through the boundary of the moss cushion (Fig. 3A).

Distribution. Kazakhstan (Katon-Karagay) and China (Xinjiang: Burqin).

Boreus beybienkoi Tarbinsky, 1962 Il [KF ik
Figs 5; 9G-L

Specimens examined. 35119 adults, CHINA, Xinjiang Uygur Autonomous Region [#73E%:E /R B8 X]: 1li Kazakh
Autonomous Prefecture 133*” PETE T E Y }ll Nilka County [ Eﬁj}ﬁ% ], 43°39'10.09"N, 82°14'4.29"E, 980 m, arid
steppe (Fig. 1C), leg. Liang-Jie Jia & Ji-Shen Wang; 43119 adults, Yining County [/ 5% B ], 43°48'31.94"N,
81°55'22.63"E, 860 m, 02.X1.2024, arid steppe (Fig. 1D), leg. Liang-Jie Jia & Ji-Shen Wang.

Measurements (mm). Adults: male body length 2.35-2.50 (n = 7), female body length 3.50—4.00 (n = 22).

Adults. This species can be recognized by the dark brown color of body including legs (Fig. 5), the pronotum
with erecting, long and thick bristles along anterior and posterior margin (Figs 5 & 9G, H), the slightly convex apex
of male hypandrium (Fig. 9J), and the short and stout female secondary ovipositor (Fig. 9K, L).

Biological notes. In contrast to its alpine and subalpine congeners, this species likely prefers lower elevations,
including mountains and plains below 1000 m. The severe arid conditions in the low-mountains and steppes (Fig.
1C, D) provide limited humidity, making it challenging for mosses to thrive. Only scattered colonies of Syntrichia
species were found in the rock crevices on northern slopes, where small communities of B. beybienkoi can be
observed crawling and hopping on and around Syntrichia sp. (Fig. SA, B). No immature stages have been obtained
for this species.

The mating is similar to the other Boreus species in a “carrying-locking” posture (Fig. 5C).

Distribution. Kazakhstan (Arkharly Pass, Chu-Ili Range, Dzungarian Alatau, Ili Valley, Kurdai Pass,
Kapchagay Reservoir), Kyrgyzstan (Bishkek, Kyrgyz Alatau), Tarjikistan (Kondara Gorge in the Gissar Range), and
China (Xinjiang: Ili Valley).

Discovery of Boreidae from China
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C

FIGURE 5. Adults of Boreus beybienkoi Tarbinsky, 1962: A male B female C a mating pair.

Boreus transiliensis Nikolajev, 1998 A iR
Figs 6-8; 9M-R

Specimens examined. 253209 adults, CHINA, Xinjiang Uygur Autonomous Region [FTE4E/RHKKX]: 1l
Kazakh Autonomous Prefecture [fHAL15 % 70 H ¥5 M ], Qapqal Xibe Autonomous County [£54i & /KB4 H A &,
northern slope of the Wusun Mountains [ ) ili] (a small range in the Tianshan Mountains [X111]), grassland with
scattered rocks (Fig. 1E), 43°30'2.92"N, 81°7'0.55"E, 1700 m, 25.X.2024, leg. Liang-Jie Jia & Ji-Shen Wang; 7 larvae,
same locality, 23.1V.2024, in compact moss (mostly Grimmia sp.) rhizoids (Fig. 7B, C), leg. Ji-Shen Wang; 1 egg, 78
larvae, 9329 pupae, same data except 25.X.2024, leg. Liang-Jie Jia & Ji-Shen Wang.

7379 adults, forest edge with scattered rocks (Fig. 1F), 43°30'34.58"N, 81°13'40.02"E, 1840 m, approximately 8 km east
of the previous site, 25.X.2024, leg. Liang-Jie Jia & Ji-Shen Wang.

4349 adults, 1730 m, CHINA, Xinjiang Uygur Autonomous Region [BT¥B4EE-/R HIEX]: Tacheng (Tarbagatay)
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Prefecture [33th[X ], Usu City [ 75 717], northern slope of the Borohoro Mountains [{#%'£}%%111], steppe near the
Anjihai River [‘Z5E#F]], 44° 0'39.75"N, 84°59'20.32"E, 1730 m, 30.X.2024, leg. Liang-Jie Jia & Ji-Shen Wang.

Measurements (mm). Adults: male body length 2.6-3.0 (n = 36); female body length 3.8-4.5 (n = 31); egg:
length 0.48, width 0.29 mm (n = 1); larvae: 1st instar, head length 0.38-0.40, width 0.34-0.35 (n = 11); 2nd instar,
head length 0.46-0.48, width 0.41-0.42 (n = 24); 3rd instar, head length 0.80-0.82, width 0.71-0.73 (n = 43); 4th
instar, head length 0.90-0.94, width 0.81-0.82 (n = 7); male pupae body length 3.2-3.8 (n = 9); female pupae body
length 4.5-4.7 (n=2).

Adults. This species can be recognized by the yellowish-brown body with strong bronze gloss (Fig. 6), and the
pronotum with much shorter and thinner bristles (Figs 6 & 9M, N) than that of B. beybienkoi, although in some
individuals these bristles are extremely short or nearly absent. The apex of the male hypandrium is broad and
somewhat truncated (Fig. 9P). The female secondary ovipositor is slender, with a length approximately 4.8 times
its width at the middle (Figs 6B-E & 9Q, R), whereas in B. beybienkoi, the ratio is approximately 3.4 times (Figs
5B, C & 9K, L).

Immature stages. The egg (Fig. 7A) is pale white in color and ellipsoidal in shape when freshly laid. The larvae
of all four instars can be remarkably differentiated from those of B. altaicus by the following characters: 1) much
shorter setae on head capsule and anterior margin of pronotum (Fig. 8F—H vs. Fig. 4F—-H); 2) less conspicuous
frontal and coronal sutures (Fig. 8H vs. Fig. 4H); and 3) clypeus lacking brown patterns in anterior and posterior
portions (Fig. 8H vs. Fig. 4H).

The male pupae (Fig. 7D) are similar to those of B. altaicus (Fig. C-F). The female pupae (Fig. 7E) are similar
to the male ones with longer body, much shorter wing cases, and elongated terminalia (containing secondary
ovipositor).

Biological notes. Eggs, all four larval instars, pupae, and adults of B. transiliensis were collected
simultaneously in late autumn, indicating an irregular cycle of oviposition, molting, pupation, and emergence for
this species (similarly, B. altaicus). When ready to emerge, the pupae vigorously open and close their mandibles,
twisting their bodies through moss rhizoids to reach the surface, where they complete eclosion with their terminalia
anchored in the moss (Fig. 7F). Notably, the presence of snow scorpionflies can be traced by the whitish exuviae
(Fig. 7G), which remain attached to the mosses even after the adults have departed. The presence of strongly
sclerotized mandible cases serves as a distinctive characteristic for their recognition. The teneral adults are initially
light greenish-yellow (Fig. 7H) and develop full coloration within approximately half a day.

Several stages of the mating behavior of B. transiliensis have been observed in this study. Initially, the male
attempts to grasp one of the female’s legs using his copulatory apparatus, specifically, a pair of gonostyli. Once the
female is secured, the male holds her between his hook-like wings and abdomen, attempting to rotate her body to
achieve genital coupling (Fig. 6C). After successful coupling, the male releases his grip on the female once their
genitalia are firmly interlocked (Fig. 6D). Subsequently, the female lowers her body and draws up her antennae,
head, and legs, while the male uses his hook-like wings to grasp her forefemora (Fig. 6E). They then maintain this
“carrying-locking” posture for several hours, with the female remaining mostly immobile while the male is able to
walk and hop around freely. If disturbed, the male momentarily releases his wing grip and then re-establishes it if
their genitalia remain interlocked.

Expeditions were also conducted in the nearby spruce forests (Fig. 1F), but no individuals were found in the
moss mats. This is likely due to the loose structure of the mosses found beneath forest canopies, which may harbor
more predators and lose moisture too rapidly (Penny 1977; Glime 2017).

Distribution. Kazakhstan (Zailiysky Alatau, also spelt as Trans-1li Alatau) and China (Xinjiang: Borohoro and

Wusun Mountains).

Discovery of Boreidae from China



The Indochina Entomologist, 1 (11): 75-93

4 ' 3 & 4 ' _
B 7%= | %)
FIGURE 6. Adults of Boreus transiliensis Nikolajev, 1998: A male B female C male holds female between wings and
abdomen D male releases hold on female after genital coupling E male uses his wings to lock the female’s forefemora,

while she draws her antennae, head, and legs close to her body.
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FIGURE 7. Immature stages and eclosion of B. transiliensis: A egg B—C 3rd instar larva D male pupa E female pupa F

female eclosion G exuviae H teneral male.
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0.5mm

FIGURE 8. Larvae of B. transiliensis: A 1st instar larva, lateral view B 2nd instar larva, lateral view C—E 3rd instar
larva, lateral, ventral, and dorsal views F 4th instar larva, lateral view G & H head and thorax of 4th instar larva, lateral
and frontal views. Annonations: An anus Ant antenna Cly clypeus CrS coronal suture Fr frons FrS frontal suture Lbi
labium Lbr labrum LCS lateral cervical sclerite Mdb mandible MxP maxillial palp Prn pronotum StF stemmata field

ThL thoracic leg Vt vertex. The thoracic segments are denoted by Arabic numerals, and the abdominal segments by
Roman numerals.
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Bt GApVIII

GApVIII

0.5 mm

02mm Tgvil

Z

0.2 mm

FIGURE 9. Character comparisons among Boreus spp.: A—F B. altaicus G-L B. beybienkoi M-R B. transiliensis A, G
& M male pronotum, lateral view B, H & N female pronotum, lateral view C, I & O male genitalia, lateral view D, J
& P male genitalia, caudal view E, K & Q female genitalia, ventral view F, L & R female genitalia, lateral view.
Annonations: Cer cercus Epa epandrium (= tergite IX) GApVIII genital appendage VIII Gex gonocoxite Gs
gonostylus Hyp hypandrium (= sternite IX) StVII sternite VII Spi spiracle TgVII tergite VII (and so forth for other

segments).

Discussion

The discovery of Boreidae in Xinjiang, northwestern China is consistent with their preference for cold habitats
characterized by regular winter snowfall. Situated in the northeastern part of arid Central Asia, the Ili Valley and its
surrounding mountains form a trumpet shape that narrows from west to east while gradually rising in elevation, and
they receive relatively abundant precipitation brought by the prevailing westerly winds (Ye et al. 2000; Liu et al.
2023). Similarly, the precipitation in the Altay Mountains is significantly higher than the surrounding areas in the
arid Central Asia. Consequently, these regions harbor a rich diversity and abundance of mosses, including those in
the genera Barbula, Brachythecium, Bryum, Callicladium, Claopodium, Dicranum, Grimmia, Hypnum,
Ptychostomum, Rhytidium, Rhynchostegium, Syntrichia, and Weissia, which may offer suitable microhabitats and
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plentiful food sources for the snow scorpionflies. However, due to the limited scope of our observations, we are
currently unable to determine the complete dietary range of these species, with the exception of Grimmia sp. (B.
altaicus and B. transiliensis) and Syntrichia sp. (B. beybienkoi), in which the examined larvae and adults were found.

The snow scorpionfly B. beybienkoi, together with B. talassicola Nikolajev, 1998, can be differentiated from
other Central Asian species (B. altaicus, B. transiliensis, and B. vlasovi Martynova, 1954) by the presence of long
bristles on the anterior and posterior margins of the pronotum (Fig. 9G, H). By the pronotal bristles being black, B.
beybienkoi can further be separated from B. talassicola, which bears white bristles (Nikolajev 1998, 2003, 2015,
2018; Gabdullina & Nikolajev 2015). Up to date, B. beybienkoi is likely the most widespread Central Asian species,
reported from many locations in the Alatoo Ridge of Kyrgyzstan, southern foothills of the Dzhungar Alatau, the Ili
valley, the Chu-Ili Mountains of Kazakhstan (Tarbinsky 1962; Nikolajev 1998, 2003, 2015, 2018; Gabdullina &
Nikolajev 2015), the Gissar Range of Tajikistan, and in this study, the Ili Valley of Xinjiang, China.

Due to their limited dispersal capacity—partly influenced by wing reduction and dependence on host mosses—
some snow scorpionfly species exhibit highly diversified morphological traits and genetic structures, leading to
distinct regional forms and even cryptic species (Kreithner 2001; Zangl et al. 2021; Strohmeier 2023). The numbers,
lengths, and colors of these pronotal bristles show considerable variation in B. beybienkoi and B. transiliensis, and
perhaps in P. talassicola. For example, in the specimens identified as B. transiliensis in this study, the bristles can
be long, medium, short, or nearly absent across different individuals (Figs 6 & 9G, H), although none are as black
and thick as those found in B. beybienkoi. Additionally, the specimens of B. beybienkoi from Kazakhstan bear long
black bristles on both the pronotum and forewings (see Fig. 9 in Gabdullina & Nikolajev 2015), whereas in the
specimens from the Ili Valley reported in this study, long black bristles are present only on the pronotum (Fig. 5). It
is suspected that B. beybienkoi, B. talassicola, and B. transiliensis may represent a single, yet polymorphic species
exhibiting significant geographical variation (GV Nikolajev, unpublished data). However, resolving this question is
currently not possible due to the lack of specimens from a broader geographical range. Despite this, the genitalia
show significant differences among these species, particularly in the morphology of the male epandrium and the
basal lobe of the gonostyli (Fig. 9C, D, I, J, O, P). The female secondary ovipositor is much slender in B. altaicus
and B. transiliensis than in B. beybienkoi (Fig. 9E, F, K, L, Q, R).

The immature stages of snow scorpionflies have been described for only a few species (Withycombe 1922;
Penny 1977; Cooper 1974; Russell 1979a, 1982; Byers 1987; Fabian et al. 2015). According to Withycombe (1922)
and Cooper (1974), snow scorpionfly larvae typically undergo four instars. In this study, we acquired four distinct
head capsule size ranges in B. altaicus and B. transiliensis, corresponding to four instars. In contrast to the univoltine
Caurinus spp. (Beutel et al. 2019a), members of Boreus and Hesperoboreus undergo a two-year life cycle (Beutel
et al. 2019b). This could explain the co-occurrence of all the four instars that we observed simultaneously. The
scarabaeiform larvae of B. altaicus and B. transiliensis resemble those of B. brumalis Fitch, 1847, B. coloradensis
Byers, 1955, B. hyemalis (Linnaeus, 1767), B. westwoodi Hagen, 1866, H. notoperates (Cooper, 1972), and H.
brevicaudus (Byers, 1961) in having three-segmented thoracic legs. In contrast, the thoracic legs of the
curculioniform larvae of Caurinus are greatly reduced and consist of only a single segment (Fabian ez al. 2015;
Beutel et al. 2019a).

These discoveries increase the known number of Mecoptera families in China from three (i.e. Bittacidae,
Panorpidae and Panorpodidae, Wang & Hua 2022) to four.
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