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ABSTRACT

Koreatriassothemis elongatus gen. et sp. nov. is the first representative of the odonatan
superfamily Triassolestoidea described from the Upper Triassic of the Republic of Korea.
Despite close similarities with the genera Pseudotriassothemis and Triassoneura, exact
affinities within Triassolestoidea remain uncertain, thus discoveries of more complete
triassolestoid fossils are required to resolve relationships. The identification of K. elongatus

gen. et sp. nov. shows that Odonatoptera and Triassolestoidea diversity was high during the



Late Triassic and is currently underestimated. A ‘Samarura-like’ odonatopteran nymph is also
identified from the same Upper Triassic outcrop, and may be referable to K. elongatus gen. et

sp. nov.
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between adults and nymphs

THE ODONATAN suborder Epiproctophora (= Epiprocta) —also called damsel-
dragonflies— encompasses both the Anisoptera and ‘relic’ family Epiophlebiidae (B€usse
2016). The Epiproctophora are currently divided into two sister clades: Isophlebioptera and
Euepiproctophora (the latter containing Anisoptera as a subgroup: Bechly 1996). These
insects flourished during the Mesozoic with more than 750 species known to date
(https://paleobiodb.org). Recent nodedated molecular phylogenies have suggested a Permian
or Triassic divergence timeframe for the suborder (Kohli et al. 2021, Suvorov et al. 2022).
However, these analyses did not accommodate advances in tip-dating or total-evidence dating
techniques (dos Reis et al. 2016, Wright 2019). Such approaches have otherwise been used to
clarify the diversification tempo of lineages with well-documented fossil records, but remain
little used for insect clades (Ronquist et al. 2012, Vea & Grimaldi 2016, Jouault et al. 2021,
Spasojevic et al. 2021). As an example, a total-evidence analysis of the superorder
Odonatoptera has the potential to resolve placements of fossil taxa and refine divergence
estimates; these are still inferred primarily from wing venation morphologies (Bechly 1996,
2016) and have never been tested using a phylogenetic framework.

The most ancient representatives of Isophlebioptera are contained within the

superfamily Triassolestoidea, which is known from fossils spanning the Upper Triassic to



Upper Jurassic (Carpenter 1960, Nel et al. 2002). Interestingly, their geologically latest
occurrences postdate the early Toarcian oceanic anoxic event, which is associated with
dramatically increasing atmospheric CO2, oceanic anoxia, and global warming that promoted
extinctions amongst insect clades, probably because of major changes in flora (e.g., Caswell
& Coe 2012, Dmitriev et al. 2018, Mander & McElwain 2019).

Here we describe a new Late Triassic triassolestoid damsel-dragonfly based on a
single forewing from the Amisan Formation at Seongju-myeon near Boryeong City in the
Republic of Korea. We also report an odonatopteran nymph, an evolutionary stage that is
extremely rare as fossils before the Middle Jurassic, and are otherwise represented by only
one other occurrence from the Carboniferous—the only example documented from the entire

Paleozoic (Kukalova- Peck 2009).

Institutional abbreviations
BCM, Boryeong Coal Museum, Boryeong, Republic of Korea. GNUE, Gongju National

University of Education, Gongju, Republic of Korea.

Material and methods

The isolated triassolestoid damsel-dragonfly forewing with preserved venation (BCM2081)
was discovered in the middle shale unit of the Amisan Formation exposed in the
Myeongcheon section (36°20°21"N, 126°37°34"E) at Seongjumyeon; the odonatopteran
nymphs (GNUE112004, GNUE112005) are from the Dongdae section (36°21°10" N,
126°37°49" E) of the Amisan Formation (see Park et al. 2022). The Amisan Formation is
1000m thick and sequentially comprises the lower sandstone unit, lower shale unit, middle
sandstone unit, middle shale unit, and upper sandstone unit (Yang 1999). The Amisan

Formation has long been considered as Triassic based on plant fossil content (Kimura & Kim



1984), although more recent studies have suggested a possible extent into the lower Jurassic
or Cretaceous (Kim & Kimura 1988, Kim 1990, 2009, 2013, Kim et al. 2002, Lee et al. 2004,
Kim & Roh 2008). Invertebrate remains including clam shrimp have otherwise supported a
Triassic age (Kim et al. 2015). The bivalve Margaritifera Schumacher, 1816 might also
indicate a post- Triassic range (Kim et al. 2015), but phylogenetic assessments of
Margaritiferidae support a Triassic origin for the family (Araujo et al. 2017). Radiometric
dating of the Nampo Group (which encompasses the Amisan Formation) infers a Jurassic age
(contra Koh 2006, Jeon et al. 2007). However, we regard the unit as predominantly Late
Triassic based on the presence of the age-diagnostic insect clades Titanoptera and
Triadophlebiomorpha (Jouault et al. 2022, Park et al. 2022). Herein, we consider the age of
the Amisan Formation to be Late Triassic until clear-cut analyses clarify the age of the
formation.

The samples were photographed using a Canon EOS 6D camera with an attached
Canon EF 100 mm f/2.8 USM macro lens. Images were cropped and enhanced using Adobe
[llustrator and Adobe Photoshop CC2019. The holotype specimen of Koreatriassothemis
elongatus gen. et sp. nov. is housed in the Boryeong Coal Museum, under the following
registration number BCM2081. The fossil nymphs GNUE112004 and GNUE112005 are
housed in the Gongju National University of Education.

We follow the wing venation nomenclature of Riek & Kukalova-Peck (1984) and Nel
et al. (2002), as modified by Jacquelin et al. (2018: fig. 3).

Venation abbreviations are as follows: ASn antesubnodal oblique crossvein basad
subnodus, between RA and RP; Ax primary antenodal crossvein; C costa; Cr nodal crossvein;
CUA cubitus anterior; CuP cubitus posterior; IR intercalary radial vein; MAa anterior branch
of media anterior; MAb posterior branch of media anterior; MP media posterior; Pt

pterostigma; RA radius anterior; RP radius posterior; ScP subcosta posterior; Sn subnodus.



Systematic paleontology

Class INSECTA Linnaeus, 1758

Superorder ODONATOPTERA Martynov, 1932
Order ODONATA Fabricius, 1793

Suborder EPIPROCTOPHORA Bechly, 1996
Clade ISOPHLEBIOPTERA Bechly, 1996
Clade PARAZYGOPTERA Bechly, 1997
Superfamily Triassolestoidea Tillyard, 1918

Family incertae sedis

Genus Koreatriassothemis gen. nov.
Type species
Koreatriassothemis elongatus sp. nov.

Etymology

Named after Korea and the genus name Triassothemis. Gender neutral.

Diagnosis

Wing venation characters only. Areas between RP3/4 and MAa and between IR2 and

RP2 distally widened; areas between MAa and MP, RP3/4 and IR2, and between RP2 and

IR1 distally narrowed, apex of ScP smoothly ending into C, without strong curvature; base of

IR2 just distad nodus; ASn short; CuA elongate, ending opposite nodus; base of IR2 on

RP3/4, well distad base of RP3/4.

Koreatriassothemis elongatus sp. nov.

(Fig. 1)



Etymology

Named after the elongate shape of the wing.

Material

Holotype BCM2081 (a nearly complete wing, with basal part up to discoidal cell missing),
housed in collection of the Boryeong Coal Museum, Boryeong, Republic of Korea.

Locality, unit and age

Amisan Formation, Upper Triassic, Myeongcheon Section, Seongju-myeon, Boryeong City,
Chungcheongnam-do, Republic of Korea.

Diagnosis

As for the genus (vide supra).

Description

Forewing apparently hyaline; preserved part 34.1 mm long, wing 8.0 mm wide; distance from
nodus to proximal part of preserved portion of wing 14.1 mm, from nodus to wing apex 18.7
mm, from nodus to pterostigma 10.7 mm; from pterostigma to wing apex 6.7 mm, exact
position of nodus unknown but nodus probably about midway between base and apex;
pterostigma short and rather broad, 3.8 mm long, 1.0 mm wide, covering one cell and a half;
pterostigmal brace, postnodal and postsubnodal crossveins not discernable; no visible
antenodal crossveins; nodus well preserved with ScP ending in C smoothly, not making a
kink; nodal crossvein Cr perpendicular to ScP and RA subnodus not aligned with nodal Cr
and oblique, nodal crossing and subnodus situated well basad apex of ScP; a crossvein ‘ASn’
basad subnodus; areas between C and RA and between RA and RP very broad distad nodus,
of same widths; no visible antefurcal crossvein in space between RP and MA basal of base of
RP3/4; base of RP3/4 8.5 mm basad nodus; base of IR2 on RP3/4, 3.7 mm distally, distinctly
basad nodus; CuA elongate, ending on posterior margin of wing just distad level of nodus;

cubito-anal area with one-two rows of cells between CuA and posterior margin of wing; area



between MP and CuA as broad as postdiscoidal area, with one row of cells and 1.5 mm wide,
area between MP and posterior margin of wing with two-three rows of cells in-between;
postdiscoidal area 1.5 mm wide distad discoidal cell, narrowed near posterior wing margin,
with one row of cells in this area; area between MAa and RP3/4 greatly widened distally, with
one row of cells between them in bsal two-third; area between RP3/4 and IR2 very narrow
proximally, progressively widened distally and not narrowed close to posterior wing margin,
with one-two rows of cells between them; base of RP2 2.5 mm distad level of nodus; area
between IR2 and RP2 greatly widened distally, no visible crossvein stronger and more
oblique than others between IR2 and RP2, that would correspond to an oblique vein ‘O’; base
of IR1 3.4 mm distad that of RP2; IR1 strongly approximating RP2 in its basal part; area
between RP2 and IR1 progressively widening distally; area between IR1 and RP1
progressively narrowed distally; one row of cells between RP1 and RA and between RA and

costal margin; all main veins distally curved.

Nymph of ‘Samarura-type’

(Fig. 2)

Material. Specimen GNUE112004 & GNUE112005 (part and counterpart of a nearly
complete nymph), housed in collection of the Gongju National University of Education.
Locality, unit and age

Amisan Formation, Upper Triassic, Dongdae Section, Seongju-myeon, Boryeong City,
Chungcheongnam-do, Republic of Korea.

Description

A nearly complete nymph (possible an exuvia as the head seems to be dorsally opened),
complete body with gills 16.8 mm long; mask partly preserved below head, apparently of

zygopteran-type; wing pads well-developed, 1.9 mm long, but without visible trace of



tracheation; thorax 2.5 mm long; legs thin and elongate, with patterns of coloration on mid
and hind femora at least in form of an alternation of hyaline and darkened transverse bands
(similar to those of an extant Lestidae); abdomen quite long, 11.6 mm long, 1.8 mm wide;

three apical tracheal gills of same shape, broad and rounded, 2.1 mm long, 1.8 mm wide.

Discussion
Affinities of the triassolestoid damsel-dragonfly forewing
BCM2081 represents a forewing because of the narrow cubitoanal area with CuA parallel to
posterior wing margin. Its general shape resembles the forewings of Triassic
‘protozygopterans’ and triassolestoideans (= {Cyclothemistidae Bechly, 1996 and
tTriassolestidae Tillyard, 1918; Nel et al. 2002, 2012). Missing information from the wing
base, particularly the discoidal cell, makes discrimination between these clades problematic.
Nevertheless, the nodal crossing and subnodus situated well basad of the apex of the ScP, the
very broad areas between C and RA, the RA and RP of the distad nodus being of equal width,
and the distally broad area between the MA and RP3/4 are features not typically encountered
in ‘Protozygoptera’. BCM2081 otherwise possesses both the parazygopteran apomorphy of a
RP2 that arises distal to the subnodus (Bechly 1996) and the triassolestoidean apomorphy of a
nodal and subnodal veinlet that are not well aligned (Bechly 1996, 2016). Members of
Asiopteridae, the sister group of Triassolestoidea, exhibit strongly curved distal ends of the
ScP and nodal crossing, together with a well-aligned subnodus that is situated at the apex of
the ScP (Pritykina 1968). We, therefore, consider BCM2081 as most probably representing a
parazygopteran within the superfamily Triassolestoidea.

Triassophlebia stigmatica Tillyard, 1922 may be related to Triassolestoidea but differs
from BCM2081 in possessing a ‘bridge’ between the IR1 and RP2 veins (Nel et al. 2002).

BCM2081 also lacks the cyclothemistid synapomorphy of a postdiscoidal without distal



narrowing, and a weakly expanded space between RP3/4 and MA which is evident in
triassolestids; these characters are otherwise visible in the cyclothemistines Cyclothemis
Pritykina, 1980, Shurabiola Pritykina, 1980, and Sogjutella Pritykina, 1980 (Pritykina 1980).
Bechly (1997, 2016) also included Pseudotriassothemis nipponensis (Fujiyama, 1991) (= type
species), Pseudotriassothemis okafujii (Fujiyama, 1991), and Pseudotriassothemis minensis
(Fujiyama, 1991) in a separate subfamily, Pseudotriassothemistinae Bechly, 1997, within
Cyclothemistidae.

The two putative synapomorphies of the Cyclothemistidae are unknown in
Pseudotriassothemis okafujii because the distal parts of the veins MA, RP3/4, IR2 and RP2
are not preserved in the type specimen. Pseudotriassothemis minensis has a strongly
broadened distal half of the postdiscoidal area in hind wing, synapomorphy of the
Cyclothemistidae. The situation is more ambiguous for Pseudotriassothemis nipponensis
because the veins MA and MP are nearly parallel up to posterior wing margin, and the area
between RP3/4 and MA is strongly broadened, unlike the situation in the Cyclothemistinae.
Thus, the inclusion of Pseudotriassothemis in the Cyclothemistidae is questionable, also
because its apical part of ScP is not making a strong curvature when entering into C. This last
character also separates the new fossil from the Cyclothemistinae.

The putative synapomorphies of Cyclothemistidae are unknown in P. okafujii because
the distal parts of the veins MA, RP3/4, IR2 and RP2 are not preserved in the type specimen.
On the other hand, P. minensis has a very broad distal half of the postdiscoidal area in the
hind wing, which represents a cyclothemistid synapomorphy. The condition in P. nipponensis
is ambiguous because the MA and MP veins are sub-parallel with the posterior wing margin,
and the area between RP3/4 and MA is very broad, unlike the typical condition in

Cyclothemistinae. The inclusion of the Pseudotriassothemis lineage within Cyclothemistidae



is therefore questionable. The lack of a strongly curved apical part of the ScP where it enters
into C also serves to distinguish BCM2081 from cyclothemistines.

Amongst Triassolestidae, BCM2081 shares a subnodus base in the RP3/4 and IR2
with Mesophlebia Tillyard, 1916 and Progonophlebia Tillyard, 1925; however, these taxa
differ in the vein ScP ending at C without making a strong curvature (Tillyard & Dunstan
1916, 1925, Nel et al. 1993, 2002). Both Triassolestini Tillyard, 1918 and Triassothemistini
Fujiyama, 1991 (including the Late Triassic genera Triassothemis Carpenter, 1960 and
Italophlebia Whalley, 1986) share the presence of a basal subnodus in the distinctly oblique
crossvein ‘ASn’ that is obliquely slanted towards the apex between RA and RP. While this is
visible in BCM2081, Fujiyama (1991) did not illustrate this morphology in P. okafujii and P.
nipponensis, although it is visible in P. minensis.

Bechly (2016) distinguished Triassolestini from Triassothemistini on the basis of
differing positions in the primary antenodal cross-veins versus the arculus; a character state
that is unfortunately not preserved in BCM2081. Nevertheless, the arrangements between
RP3/4 and MA, IR2 and RP3/4, and between RP2 and IR2 in BCM2081 are identical to those
of Triassothemis and Italophlebia (Carpenter 1960; Whalley 1986; Bechly 1997; Barth et al.
2013). BCM2081 otherwise contrasts in the apical shape of ScP being less curved.
Triassolestodes Pritykina, 1981 and Sogdopterites Nel et al. 2002, the type species of which,
Sogdopterites legibile (Pritykina, 1980), is represented only by a hind wing, also have a
distinctly curved apex on the ScP (Pritykina 1980: fig. 122). The base of IR2 is also distad the
nodus, unlike BCM2081. The genus Sogdopterites further differs from BCM 2081 in the
absence of the ASn (Pritykina 1980). Triassolestes epiophlebioides Tillyard, 1918 (the type
genus and species of Triassolestidae) is based on an incomplete wing that does not preserve
the nodal structures. However, it also differs BCM2081 in the vein CuA being strongly

posteriorly curved and ending opposite the base of RP3/4 (Tillyard 1918).



Triassoneura Riek, 1976 shares a ScP extending obliquely into C and an IR2 that
closely approximates the base of RP3/4 with both BCM2081 and Pseudotriassothemis; yet the
CUA vein is strongly posteriorly curved and terminates opposite the base of RP3/4 (Riek
1976). This character state is also present in P. minensis but not P. nipponensis, or probably
P. okafujii (see Fujiyama 1991).

In summary, BCM2081 shares several key character states (the ScP smoothly entering
into C, which is unknown in Triassolestes, the base of IR2 being positioned closely and even
entering into the RP3/4, and a short and weakly oblique ASn vein) with Pseudotriassothemis
and Triassoneura, which brings into question the inclusion of Pseudotriassothemis in the
Cyclothemistidae, and Triassoneura in the Triassolestidae.

The distally broad postdiscoidal area is not visible in Pseudotriassothemis, except in
P. minensis, and this feature may be homoplastic since it is also present in Selenothemistidae
Handlirsch, 1939 amongst isophlebiopterans. The ScP smoothly entering into C could be
plesiomorphic because it is present elsewhere in several examples of ‘Protozygoptera’ (Nel et
al., 2012). BCM2081 differs from P. okafujii in the base of IR2 being well distad of RP3/4,
inferring a common origination point. Nonetheless, it does share a similar arrangement of the
IR1, RP2, IR2 and RP3/4 veins with P. nipponensis, but can be distinguished by the RP2
being closer to the nodus, and the postdiscoidal area becoming narrow at the wing margin
rather than having a continuous width from the base. Thus, while BCM2081,
Pseudotriassothemis and Triassoneura could represent a distinct clade, or perhaps even a new

family, we consider it premature to modify the existing higher-level taxonomies at this stage.

Affinities of the odonatopteran nymph
GNUE112004/GNUE112005 is only the second recorded odonatopteran nymph (Samarura

sp.) documented from the Triassic, the other example being recovered from Carnian deposits



of the Brassall Subgroup at Brassall Quarry near Ipswich in Queensland, Australia (Rozefelds
1985). The elongated body shape is of ‘zygopteran-type’, with three expanded gills at the
apex of the abdomen resembling the ‘Samarura-type’, which is characterized by broad leaf-
like caudal gills (Nel & Paicheler 1994). ‘Samarura-type’ nymphs have been reported from
Upper Triassic and Lower Cretaceous strata (Qin et al. 2019), with Pritykina (1985) off-
handedly attributing Jurassic and Cretaceous forms to the isophlebiopteran clades
Karatawiidae (or Campterophlebiidae) and Isophlebiidae. Nel & Paicheler (1994) described
similar nymphs from Oligocene sequences, which postdate isophlebiopteran occurrences. We,
therefore, suggest that the ‘Samarura-type’ gill morphology could have evolved convergently
or constitute a symplesiomorphy within Odonata. Nymphs of the extant lestomorph
zygopteran genera Synlestes Selys, 1869 (Synlestidae) and Chorismagrion Morton, 1914
(Chorismagrionidae) also possess broadly rounded gills (Fraser 1956). Fossil synlestids are
known from the Lower Cretaceous (Huang et al. 2022), and Garrouste & Nel (2015)
established the isophlebiopteran family Pseudostenolestidae based on adult specimens from
the Middle Eocene of Messel in Germany. Consequently, a stratigraphical range extension of
isophlebiopterans into the Oligocene may potentially be plausible.

Furthermore, the elongated body shape of the Carboniferous meganisopteran nymph
Dragonympha srokai Kukalova-Peck, 2009 might indicate that the ‘zygopterantype’
morphology is plesiomorphic. Unfortunately, though, the abdominal apex is unknown in D.
srokai (Kukalova- Peck, 2009), and no other odonatopteran nymph fossils have been
recognized from before the Upper Triassic (Rozefelds 1985). It is thus currently impossible to
determine the polarity of this character state amongst odonatopterans, or whether it has
undergone convergent acquisition in multiple phylogenetically distant lineages.

The Triassic isophlebiopteran Triassolestes epiophlebioides was identified from the

Carnian section of the Ipswich Coal Measures in Queensland, Australia, which are coeval



with the ‘Samarura-type’ nymph described by Rozefelds (1985). Similarly, the stratigraphical
proximity of GNUE112004/ GNUE112005 to BCM2081 as a possible imago could indicate
the referral of the nymph to Isophlebioptera. However, the indistinct tracheal pattern in the

wing pads renders any attribution of GNUE112004/GNUE112005 as tentative.

Conclusion

We describe the forewing of a new triassolestoid damsel-dragonfly from an
undifferentiated Upper Triassic strata of the Amisan Formation in the Myeongcheon Section
at Seongju-myeon, near Boryeong City in the Republic of Korea.

The specimen is designated as the holotype of a new genus and species,
Koreatriassothemis elongatus gen. et sp. nov., which shows close affinity with other the
Triassic genera Pseudotriassothemis and Triassoneura.

In addition, a new fossil odonatopteran nymph from the Dongdae Section of the
Amisan Formation at Seongju-myeon is morphologically compatible with the ‘Samarura-
type’ and might be attributable to Isophlebioptera.

These discoveries show that current knowledge of Late Triassic odonatans is
incomplete and that further field exploration could elucidate the early stages of diversification

within this order.
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Figure 1. Koreatriassothemis elongatus gen. et sp. nov., holotype BCM2081. Photographs. A,

complete forewing; B, basal part, arrowhead base of IR2; C, apical part. Scale bars =2 mm.

Figure 2. Nymph of ‘Samarura-type’. Photographs. A, specimen GNUE112004 (part); B,

GNUE112005 (counterpart). Scale bars = 2 mm.



