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Abstract. The erasipterid Sinoerasipteron xiaheyanensis Nel & Huang gen. et sp. nov. from the
Moscovian Tupo Formation in Xiaheyan locality (China), is described and illustrated. It is the sixth
species of the odonatopteran griffenflies from this locality. This new discovery confirms the high
diversity of these flying predators in the insect assemblage.
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Introduction

The odonatopteran griffenflies are well-known because some of them have reached the most important
wing sizes among the Pterygota. They are called ‘giant’ insects, even if their bodies are comparable in
size with those of the largest extant phasmids or beetles. Their remains are generally rare. Nevertheless,
they are quite frequent and diverse in some outcrops like the Gzhelian of Commentry or the Middle
Permian of Lodéve in France (Nel et al. 2009). If these insects are present in the earliest part of the Late
Carboniferous, they remain generally infrequent during this period. For instance, only two specimens of
the large griffenfly species Gallotupus oudardi Nel et al., 2008 were found in the very rich Moscovian
outcrop of Avion (France) (Nel et al. 2008; Prokop et al. 2014). With no less than five described species,
the Moscovian outcrop of Xiaheyan (Fig. 1) is a counterexample of higher diversity and abundance in
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griffenflies (Li et al. 2013). These are Shenzhousia gilianshanensis Zhang & Hong, 2006 (in Zhang
et al. 20006), Oligotypus huangheensis (Ren et al., 2008), Tupus orientalis (Zhang, Hong & Su, 2012)
(in Su et al. 2012), Erasipterella jini (Zhang, Hong & Su, 2012) (in Su et al. 2012), Aseripterella
sinensis Li, Béthoux, Pang & Ren, 2013 and Sylphalula laliquei Li, Béthoux, Pang & Ren, 2013.

Here we describe a new genus and species of griffenfly from the same locality, confirming the impressive
diversity of these flying predators in this insect assemblage.

Material and methods

One specimen was collected from the black shale of the Tupo Formation (= Yanghugou Formation) at the
Xiaheyan locality, Zhongwei County, Ningxia Hui Autonomous Region. The age of the Pennsylvanian
Tupo Formation is somewhat uncertain, Triimper et al. (2020) suggested it could be the latest Bashkirian
to middle Moscovian, while Wang et al. (2022) approximately assigned it to the Moscovian. The fossil
was carefully prepared using a sharp awl. Photographs were taken using a digital camera attached to a
Zeiss Discovery V20 microscope and combined by using Photoshop ver. 10 software. The specimen is
housed in the Nanjing Institute of Geology and Palacontology, Nanjing, China.

We follow the wing venation nomenclature of Riek & Kukalova-Peck (1984) as modified by Nel et al.
(1993, 2009) and Jacquelin et al. (2018). We follow the classification of Bechly (2016), as modified by
Petrulevicius & Gutiérrez (2016).
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Fig. 1. Map of fossil locality. Red triangle = fossil locality; grey dotted line = limits of regions; continuous
double line = secondary road; black and white dotted lines = main roads. Scale bar = 10 km.
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Institutional abbreviations

CAS = Chinese Academy of Sciences, Nanjing, China
NIGP = Nanjing Institute of Geology and Palacontology, Nanjing, China

Abbreviations for morphological terms

Arc = arculus
C = Costa
CuA = anterior cubitus

CuP posterior cubitus
IR1, IR2 = intercalary radial veins

MA = anterior median
MP = posterior median
RA = anterior radius
RP = posterior radius
ScP = posterior subcosta
Results

Taxonomy

Class Insecta Linnaeus, 1758
Superorder Odonatoptera Martynov, 1932
Clade Neodonatoptera Bechly, 1996
Clade ‘Eomeganisoptera’ Rohdendorf, 1962
Family Erasipteridae Carpenter, 1939

Genus Sinoerasipteron Nel & Huang gen. nov.
urn:lsid:zoobank.org:act:4219CDCB-C8F3-46F2-A36F-7A88573F419B

Type species

Sinoerasipteron xiaheyanensis Nel & Huang gen. et sp. nov.

Diagnosis

ScP shortened, only reaching 30% of wing length; RA distally fused with C into a strong costal vein
distad level of RP2; base of IR2 quite distant from that of RP3/4 (situated seven cells distally); MA with
seven long posterior branches; seven posterior branches of CuA; CuP with a long stem, seven-eight
branches, and three rows of cells between it and posterior margin of wing; anal area with two rows of
cells.

Etymology

Named after ‘Sinica’, Latin name for China and the genus name Erasipteron. Gender neutral.

Sinoerasipteron xiaheyanensis Nel & Huang gen. et sp. nov.
urn:lsid:zoobank.org:act:C76DAF12-4850-41CF-A727-5D6332A81DF7
Figs 2-3

Diagnosis

As for the genus, by monotypy.
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Etymology
Named after the Xiaheyan locality (Ningxia, China).

Material examined

Only one specimen collected from the black shale of the Tupo Formation at Xiaheyan locality, without
counterpart.

Holotype
CHINA ¢ imprint of a forewing, with extreme base missing and apex folded; Xiaheyan, Muscovian Tupo
Formation; stored at Nanjing Institute of Geology and Palaeontology; NIGP202927; CAS.

Description

Imprint of moderately well preserved forewing (for justification see below), nearly complete, with
extreme base missing; wing elongate not triangular-shaped; preserved length 68.1 mm, maximum width
10.8 mm; anterior wing margin and ScP straight; ScP reaching anterior wing margin opposite fork
between RP1/2 and RP3/4 (i.e., at 30% of wing length); RA distally fused with C into strong costal vein;
area between RA and RP1 with strong oblique crossvein at point of fusion of RA with C, basad origin
of IR1; arculus at ca 8.0 mm from wing base; RP+MA 2.5 mm long; stem of of RP 10.0 mm long basad
fork between RP1/2 and RP3/4; three longitudinal veins in area between IR1 and RP2; RP1/RP2 fork
27.5 mm distal of fork between RP1/2 and RP3/4; IR2 with two-three posterior branches; RP3/4 simple;
MA with seven posterior branches; MP simple, undulated; CuA regularly posteriorly pectinate, with
seven posterior branches; CuP- and CuA-crossings difficult to identify; CuP with long stem, seven-

Fig. 2. Sinoerasipteron xiaheyanensis Nel & Huang gen. et sp. nov., holotype (NIGP202927).
Photograph. Scale bar = 5 mm.

Fig. 3. Sinoerasipteron xiaheyanensis Nel & Huang gen. et sp. nov., holotype (NIGP202927).
Reconstruction. Scale bar = 5 mm.
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eight branches, and three-four rows of cells between it and posterior margin of wing; two rows of cells
between AA and posterior margin of wing with four-five poorly defined posterior branches.

Age and outcrop

Tupo Formation at Xiaheyan locality, Zhongwei County, Ningxia Hui Autonomous Region, NW China;
Moscovian, Pennsylvanian.

Discussion

This wing is clearly that of an Odonatoptera. It is remarkable in the short vein ScP, reaching ca 30% of
the total wing length. Similar shortened ScP are present in the Eugeroptera Petrulevicius & Gutiérrez,
2016, Erasipteridae Carpenter, 1939, Paralogidae Handlirsch, 1906, and the Odonatoclada Bechly, 2003,
but not the other Carboniferous griffenflies in which ScP is longer, fusing with the costal margin distad
midwing (Bechly 1996, 2016).

The Eugeroptera only comprise Eugeropteron Riek & Kukalova-Peck, 1984 and Tupacsala
Petrulevicius & Gutiérrez, 2016. Both strongly differ from the new fossil in the distinctly broader cubito-
anal area and the triangular-shaped wings (Riek & Kukalova-Peck 1984; Petrulevicius & Gutiérrez
2016). The Paralogidae strongly differ from the new fossil in the shorter stem of CuP, and quite broader
cubito-anal area, with more than five-six rows of cells between CuP and posterior margin of wing, first
fork of RP strongly divergent (Carpenter 1960; Nel et al. 2009). The Odonatoclada have a reduced
branching of vein MA, unlike in the new fossil. Also, in this group, the Lapeyriidae Nel, Gand & Garric,
1999 and the Nodialata have better-defined nodal structures, with a nodal crossing and a subnodus (Nel
et al. 1999; Nel & Huguet 2002).

The Erasipteridae currently comprise the genera Erasipterella Brauckmann, 1983, Erasipteroides
Brauckmann & Zessin, 1989, Erasipteron Pruvost, 1933, Rasnitsynala Zessin, Bauckmann & Groning,
2011, Whalleyala Brauckmann & Zessin, 1989, Zessinella Brauckmann, 1988.

The new fossil differs from Erasipteron in the vein MA with seven long posterior branches, and CuP with
branches vs simple, and in the vein RA fused with C distad the level of RP2 (Pruvost 1933; Brauckmann
1983). Erasipteron is also supposed to have an ‘archedictyon’ (a net of small cells present in the larger
‘normal’ cells), a character that would need to be verified on the type material.

The type species of Erasipterella (E. piesbergensis Brauckmann, 1983) is based on incomplete wings.
In particular, the apical part of ScP is not preserved, so the exact length of this vein is uncertain, although
it seems to be rather short (Brauckmann 1983; Brauckmann et al. 1985; Brauckmann & Zessin 1989).
Erasipterella piesbergensis has a narrower area between CuP and the posterior margin of the wing, with
two rows of cells in-between. It also has a CuP with very short posterior branches, unlike in the new
fossil. Erasipterella jini (Zhang, Hong & Su, 2012), originally placed in the genus Sinierasiptera Zhang,
Hong & Su, 2012 and its own family Sinierasipteridae Zhang, Hong & Su, 2012 (in Su ef al. 2012),
was later transferred in the genus Erasipterella and the family Sinierasipteridae synonymized with the
Erasipteridae (Li ef al. 2013). These last authors indicated that it has a simple CuP, unlike the new fossil.
Nevertheless, they share a vein RA fused with C distad the base of RP2. Interestingly, Li et al. (2013:
fig. 5) figured fore- and hind wings of E. jini in which the general shape of hind wing shows a quite
broad anal area, which is not the case in the new fossil. This suggests that the new fossil is a forewing.

Erasipteroides valentini (Brauckmann, Koch & Kemper, 1985), type species of Erasipteroides, is based
on incomplete fore- and hind wings, with only the basal third of wings preserved. Nevertheless, the CuP
has at most very short apical branches, unlike in the new fossil (Brauckmann et al. 1985).
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Rasnitsynala sigambrorum Zessin, Bauckmann & Groning, 2011 has a very particular vein CuP,
shortened and strongly similar to the posterior branches of CuA (Zessin et al. 2011). The distal part of
ScP is not preserved, thus it is not possible to determine if its only reaches mid-wing or goes farther.
Thus, its attribution to the Erasipteridae is questionable. Zessin et al. (2011: fig. 3) has figured a RA
strongly approximating C in the distal half of wing, but not fused with it, unlike in the new fossil.

Whalleyala pennsylvanicus Brauckmann & Zessin, 1989 has a RA separated from C up to a position
very close to the wing apex, a very narrow anal area, a simple CuP, and a CuA without well-defined
posterior branches, unlike the new fossil (Brauckmann & Zessin 1989).

Zessinella siope Brauckmann, 1988 is based on incomplete wings. Nevertheless, it differs from the new
fossil in the narrow anal area with one row of cells (Brauckmann 1988).

Li et al. (2013) described Sylphalula laliquei, a taxon they did not clearly placed, but that shares a
shortened ScP with the Erasipteridae. Its CuP has only a very short distal posterior branch.

Lietal. (2013) also described Aseripterella sinensis, an ‘Erasipteridae’-like taxon from the Carboniferous
of Northern China, sharing a shortened ScP with the Erasipteridae. It shares with the new fossil a RA
fused with C distad the base of RP2, and the presence of distal branches of CuP. But it differs from the
new fossil in the presence of only one row of cells between AA and the posterior margin of wing vs. two
in the new fossil, and the presence of 10-11 posterior branches of CuA vs. only seven in the new fossil.
In the new fossil, the base of IR2 is quite distant from that of RP3/4 (situated seven cells distally) vs.
only two cells in Aseripterella sinensis. Lastly, the holotype of Aseripterella sinensis, a nearly complete
forewing, is clearly smaller than the new fossil: max. 54 mm long and 9.4 mm wide, vs. more than
58.0 mm long (probably 61 mm) and 11.0 mm wide in the new fossil.

Liet al. (2013: 132-133) did not make a formal diagnosis for Aseripterella sinensis, but they proposed
the ‘occurrence of a single row of cross-veins in the area between AA and the posterior wing margin’
as the first character to separate it from the other ‘meganisopteran Odonatoptera’. As the new fossil has
two such rows of cells, it would not fall in this taxon. The difference in the position of the base of IR2 is
more diagnostic to separate the two taxa.

The new fossil differs from Shenzhousia gilianshanensis in the narrower cubital area and quite shorter
ScP (Zhang et al. 2006; Li et al. 2013). Tupus orientalis and Oligotypus huangheensis also have a quite
longer ScP than in the new fossil (Ren et al. 2008; Li ef al. 2013).

Conclusion

Sinoerasipteron xiaheyanensis Nel & Huang gen. et sp. nov. is the sixth described species of griffenfly
from the Moscovian Xiaheyan locality, confirming the impressive diversity of these insects in this
rather ancient subperiod of the Late Carboniferous. The oldest known Odonatoptera are Arnsbergian
(Serpukhovian, 326.4-318.1 Ma) (Petrulevicius & Gutiérrez 2016), thus only 19.4 to 2.9 Ma older than
the Moscovian (307.0-315.2 Ma), and they belong to much more ‘basal’ groups than those from the
Xiaheyan locality. Also, representatives of the ‘Protozygoptera’, a group of Odonatoptera much more
‘derived’ than the griffenflies, are known in the Moscovian of Avion (Prokop et al. 2014), Thus, it seems
that the whole superorder Odonatoptera is either much older (as supposed by Misof ef al. 2014, among
others), and/or that it knew a quick and important diversification during this rather short period.

72



NEL A. et al., A new griffenfly genus and species from the Early Pennsylvanian

Acknowledgements

We thank two anonymous reviewers for their valuable comments on an earlier version of this work. We
are also grateful to Yanzhe Fu and Xinenng Lian for their useful help. This project was supported by the
National Natural Science Foundation of China (41925008).

References

Bechly G. 1996. Morphologische Untersuchungen am Fliigelgedder der rezenten Libellen und deren
Stammgruppenvertreter (Insecta; Pterygota; Odonata), unter besonderer Beriicksichtigung der
Phylogenetischen Systematik und des Grundplanes der Odonata. Petalura Special Volume 2: 1-402.

Bechly G. 2003. Odonatology website [offline version 2002]. /n: Schorr M. & Lindeboom M. (eds)
Dragonfly Research 1.2003. Zerf — Tiibingen. (CD-ROM).

Bechly G. 2016. Phylogenetic systematics of  Odonata. Available from
https://bechly.lima-city.de/phylosys.htm [accessed 15 Feb. 2024].

Brauckmann C. 1983. Ein Insektenrest (Odonata, Meganisoptera) aus dem Ober-Karbon des Piesberges
bei Osnabriick. Osnabriicker Naturwissenschaftlichen Mitteilungen 10: 7-14.

Brauckmann C. 1988. Zwei neue Insekten (Odonata, Megasecoptera) aus dem Namurium von Hagen-
Vorhalle (West-Deutschland). Dormunter Beitrdge zur Landeskunde, Naturwissenschaften Mitteilungen
22:91-101.

Brauckmann C., Koch L. & Kemper M. 1985. Spinnentiere (Arachnida) und Insekten aus den Vorhalle-
Schichten (Namurium B; Ober-Karbon) von Hagen-Vorhalle (West-Deutschland). Geologie und
Paldontologie in Westfalen, Westfilisches Museum fiir Naturkunde 3: 1-132.

Brauckmann C. & Zessin W. 1989. Neue Meganeuridae aus dem Namurium von Hagen-Vorhalle (BDR)
und die Phylogenie des Meganisoptera. Deutsche Entomologische Zeitschrift (N.F.) 36 (1-3): 177-215.
https://doi.org/10.1002/mmnd.4810360127

Carpenter F.M. 1939. The Lower Permian insects of Kansas. Part 8. Additional Megasecoptera,
Protodonata, Odonata, Homoptera Psocoptera, Plecoptera, and Protoperlaria. Proceedings of the
American Academy of Arts and Sciences 73: 29-70. https://doi.org/10.2307/25130151

Carpenter F.M. 1960. Studies on North American Carboniferous insects. 1. The Protodonata. Psyche 67:
98-1009. https://doi.org/10.1155/1960/35196

Handlirsch A. 1906—1908. Die fossilen Insekten und die Phylogenie der rezenten Formen. Ein Handbuch
fiir Paldontologen und Zoologen. Engelman V.W. publ., Leipzig. https://doi.org/10.5962/bhl.title.34145

Jacquelin L., Desutter-Grandcolas L., Chintauan-Marquier 1., Boistel R., Zheng D., Prokop J. & Nel A.
2018. New insights on basivenal sclerites using 3D tools and homology of wing veins in Odonatoptera
(Insecta). Scientific Reports 8: 1-7. https://doi.org/10.1038/s41598-017-18615-0

Li Y., Béthoux O., Pang H. & Ren D. 2013. Early Pennsylvanian Odonatoptera from the Xiaheyan
locality (Ningxia, China): new material, taxa, and perspective. Fossil Record 16 (1): 117-139.
https://doi.org/10.1002/mmng.201300006

Misof B., Liu S., Meusemann K., Peters R.S., Donath A., Mayer,C., Frandsen, P.B., Ware J., Flouri T.,
Beutel R.G., Niehuis O., Petersen M., Izquierdo-Carrasco F., Wappler T., Rust J., the 1KITE consortium
(83 other authors), Wang J., Kjer K.M. & Zhou X. 2014. Phylogenomics resolves the timing and pattern
of insect evolution. Science 346 (6210): 763—767. https://doi.org/10.1126/science.1257570

Nel A. & Huguet A. 2002. Revision of the enigmatic Upper Carboniferous insect Campyloptera eatoni
Brongniart, 1893 (Insecta: Odonatoptera). Organisms Diversity & Evolution 2: 313-318.

73


https://bechly.lima-city.de/phylosys.htm
https://doi.org/10.1002/mmnd.4810360127
https://doi.org/10.2307/25130151
https://doi.org/10.1155/1960/35196
https://doi.org/10.5962/bhl.title.34145 
https://doi.org/10.1038/s41598-017-18615-0
https://doi.org/10.1002/mmng.201300006
https://doi.org/10.1126/science.1257570

European Journal of Taxonomy 925: 67-75 (2024)

https://doi.org/10.1078/1439-6092-00053

Nel A., Fleck G., Garrouste R. Gand G., Lapeyrie J., Bybee S.M. & Prokop J. 2009. Revision of
Permo-Carboniferous griffenflies (Insecta: Odonatoptera: Meganisoptera) based upon new species and
redescription of selected poorly known taxa from Eurasia. Palaeontographica (A) 289: 89—121.
https://doi.org/10.1127/pala/289/2009/89

Nel A., Gand G. & Garric J. 1999. A new family of Odonatoptera from the continental Upper Permian:
the Lapeyriidae (Lodéve Basin, France). Geobios 32 (1): 63-72.
https://doi.org/10.1016/S0016-6995(99)80083-7

Nel A., Garrouste R. & Roques P. 2008. A new griffenfly genus from the Late Carboniferous of northern
France (Odonatoptera: Meganeuridae). Insect Systematics & Evolution 39: 231-239.
https://doi.org/10.1163/187631208794760894

Nel A., Martinez-Delclos X., Paicheler J.-C. & Henrotay M. 1993. Les ‘Anisozygoptera’ fossiles.
Phylogénie et classification (Odonata). Martinia Numéro Hors Série 3: 1-311.

Petrulevicius J.F. & Gutiérrez P.R. 2016. New basal Odonatoptera (Insecta) from the lower Carboniferous
(Serpukhovian) of Argentina. Arquivos Entomoloxicos 16: 341-358.

Prokop J., Roques P. & Nel A. 2014. New non-holometabolous insects from Pennsylvanian of Avion
locality in Pas-de-Calais, France (Insecta: ‘Exopterygota’). Alcheringa 38: 155-1609.
https://doi.org/10.1080/03115518.2014.848620

Pruvost P. 1933. Un ancétre des libellules dans le terrain houiller de Tchécoslovaquie. Annales de la
Societé géologique du Nord 58: 149—154.

Ren D., Nel A. & Prokop J. 2008. New early griffenfly, Sinomeganeura huangheensis from the Late
Carboniferous of northern China (Meganisoptera: Meganeuridae). Insect Systematics & Evolution 38:
223-229. https://doi.org/10.1163/187631208788784075

Riek E.F. & Kukalova-Peck J. 1984. A new interpretation of dragonfly wing venation based upon Early
Carboniferous fossils from Argentina (Insecta: Odonatoidea) and basic characters states in pterygote
wings. Canadian Journal of Zoology 62: 1150—1166. https://doi.org/10.1139/z84-166

SuY.,Zhang Z. & Hong Y. 2012. Two new ancient griffenflies (Insecta: Odonatoptera) from the Namurian
of Ningxia, China. Insect Systematics & Evolution43: 1-10. https://doi.org/10.1163/187631212X624205

Triimper S., Schneider J.W., Nemyrovska T., Korn D., Linnemann U., Reng D. & Béthoux O. 2020. Age
and depositional environment of the Xiaheyan insect fauna, embedded in marine black shales (Early
Pennsylvanian, China). Palaeogeography, Palaeoclimatology, Palaeoecology 538 (109444): 1-19.
https://doi.org/10.1016/j.palaco.2019.109444

Wang Y., Wan M., Zhang H., Cai C. & Huang D. 2022. Palaeozoic insects from China with discussion
on their ages. Palaeoentomology 5: 362-377. https://doi.org/10.11646/palacoentomology.5.4.9

Zessin W., Bauckmann C. & Groning E. 2011. Rasnitsynala sigambrorum gen. et sp. n., a small
odonatopterid (“Eomeganisoptera”, “Erasipteridae”) from the early Late Carboniferous of Hagen-
Vorhalle (Germany). ZooKeys 130: 57-66. https://doi.org/10.3897/zookeys.130.1458

Zhang Z., Hong Y., Lu L., Fang X. & Jin Y. 2006. Shenzhousia qilianshanensis gen. et sp. nov.
(Protodonata, Meganeuridae), a giant dragonfly from the Upper Carboniferous of China. Progress in
Natural Science 16: 328-330. https://doi.org/10.1080/10020070612331343233

74


https://doi.org/10.1078/1439-6092-00053
https://doi.org/10.1127/pala/289/2009/89
https://doi.org/10.1016/S0016-6995(99)80083-7
https://doi.org/10.1163/187631208794760894
https://doi.org/10.1080/03115518.2014.848620
https://doi.org/10.1163/187631208788784075
https://doi.org/10.1139/z84-166
https://doi.org/10.1163/187631212X624205 
https://doi.org/10.1016/j.palaeo.2019.109444
https://doi.org/10.11646/palaeoentomology.5.4.9
https://doi.org/10.3897/zookeys.130.1458
https://doi.org/10.1080/10020070612331343233

NEL A. et al., A new griffenfly genus and species from the Early Pennsylvanian

Manuscript received: 27 July 2023
Manuscript accepted: 31 October 2023
Published on: 5 March 2024

Topic editor: Marie-Béatrice Forel
Desk editor: Eva-Maria Levermann

Printed versions of all papers are also deposited in the libraries of the institutes that are members of the
EJT consortium: Muséum national d’histoire naturelle, Paris, France; Meise Botanic Garden, Belgium;
Royal Museum for Central Africa, Tervuren, Belgium; Royal Belgian Institute of Natural Sciences,
Brussels, Belgium; Natural History Museum of Denmark, Copenhagen, Denmark; Naturalis Biodiversity
Center, Leiden, the Netherlands; Museo Nacional de Ciencias Naturales-CSIC, Madrid, Spain; Leibniz
Institute for the Analysis of Biodiversity Change, Bonn — Hamburg, Germany; National Museum of the
Czech Republic, Prague, Czech Republic.

75



